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A short overview of theoretical models for the description of the relaxation processes in metals excited 
by a short laser pulse is presented. The main effort is given to description of different processes which are taking 
place after absorption of the laser pulse. Widely used two-temperature model is discussed and the conditions 
of applicability of this model are identified. Various approaches for solving the Boltzmann kinetic equations 
are discussed. It is identified that in the case of low excitation limit the relaxation is determined by the emission 
of phonons by photoexcited electrons. The possibility to obtain the value of the electron phonon coupling cons-
tant from experiments is discussed. 
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More than 60 years ago the paper of M.I. Kaganov, 

I.M. Lifshitz and L.V. Tanatarov about relaxation between 
electrons and crystalline lattice in metals [1] was published 
in the Journal of Experimental and Theoretical Physics. 
The main motivation to consider this problem was the ob-
servation of the deviation from the Ohm’s low in metals in 
the limit of strong current. As it was pointed by the authors 
in that case the energy accumulated in the electronic sys-
tem differs considerably from that which corresponds to 
the lattice temperature T . In the paper it was postulated 
that the time required to establish equilibrium in the elec-
tron gas is much less than the time for achieving equilibri-
um between the electrons and the lattice, therefore the 
electron gas may be considered in a state of equilibrium, 
i.e., its state is described by the ordinary Fermi distribution 
function with certain nonequilibrium electron temperature 

eT . This assumption allows to evaluate the rate of energy 
transfer between electrons and phonons. 

An interesting extension of this work was proposed by 
V.A. Shklovskii [2]. He considered the size effect in heat 
transfer to the insulating substrate and in the nonlinear 
electric resistivity of current-heated metallic films deposit-
ed on a dielectric substrate. Using the same assumption 
that electrons have nonequilibrium temperature eT  it was 
shown that the heat flux have qualitatively different behav-
ior in the cases of thick ped l  and thin ped l  films (d  is 
the thickness of the film and pel  is the phonon mean-free 
path due to scattering by electrons). In the first case the 
heat flux is determined by the transparency of the interface 

between metal and insulator, while in the former case 
the heat flux does not depend on the transparency of the 
interface between metal and insulator and determined only 
by the strength of electron-phonon interaction as described 
in Ref. 1. It is interesting to underline that concerning the 
definition of the electron temperature eT  in Ref. 2 it was 
stated that electronic temperature is determined by elec-
tron-electron collisions only if 2< /e B D FT k T ε  where DT  is 
the Debye temperature, Fε  is the Fermi energy and Bk  is 
the Boltzmann constant. This model was further developed 
in Refs. 3–5. In particular, in these papers the nonequilib-
rium electron distribution function is described in terms of 
the electron temperature eT . On the other hand, phonons 
are described by a nonthermal distribution function [3–5]. 
Since the electronic temperature is not well defined, it was 
proposed some way to define this temperature from experi-
ments [3,4]. Note, that this theory is strongly based on 
the competition of the processes of electron-phonon ther-
malization and phonon escape from the film to the sub-
strate. In the pump-probe experiments the observed relaxa-
tion processes are usually on the sub-picosecond timescale 
and are faster than any diffusion processes from the excita-
tion volume. 

Further generalization of the result of Ref. 1 was pro-
posed in Ref. 6. In this paper, the results of Ref. 1 were 
used in order to evaluate the emission current and the emit-
ted charge from a metal surface exposed to a picosecond 
laser pulse. Here the idea of describing electrons and pho-
nons as quasiequilibrium states with nonequilibrium elec-
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tronic eT  and phonon lT  temperatures was further devel-
oped. The system of two differential equations for eT  and 

lT  was derived. This model is called the two-temperature 
model (TTM) and now widely used for the analysis of dif-
ferent experiments. 

In 1987 Phillip Allen [7] pointed out, that optical pump-
probe experiments may be used in order to determine the 
electron-phonon coupling constant λ which plays a crucial 
role in the Eliashberg theory of superconductivity [8,9]. 
For that purpose the results of Refs. 1, 6 were reformulated 
in terms of spectral function of the electron-phonon inter-
action 2 ( )Fα ω , known as the Eliashberg function [8,9]. As 
a result, measuring the relaxation time in pump-probe ex-
periments and comparing it with the predictions of TTM 
and Allen’s theory provides direct information about some 
moments of the Eliashberg function 
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The measurements were performed for a large number 
of known ordinary [10] and high- cT  superconductors [11]. 

Note that Allen stated in his derivation of TTM, that 
the assumption that electrons and phonons have thermal 
distribution functions is at some level incorrect, probably 
in detail or possibly more seriously. Nevertheless, he point-
ed out that deviations from local thermal equilibrium may 
not in fact have much influence on the energy relaxation 
described by TTM. 

Up to now, detailed experimental data on relaxation 
processes are available for metals [10,12–18], high-tem-
perature superconductors [11,19–25], and pnictide super-
conductors [26,27] using standard optical pump probe tech-
nique. Recently, a comprehensive analysis of experimental 
data on optical pump broad-band probe in high-tem-
perature superconductors has been performed [28]. Most of 
the data are analyzed in the framework of the two-tem-
perature model. 

The TTM has well-defined predictions as far as the tem-
perature dependence of the relaxation time is concerned [6]. 
Very soon after successful determinations of 2λ〈ω 〉  for 
different superconductors [10,11] the temperature and fluence 
dependences of the energy relaxation time for thin films of 
Ag and Au were obtained using the combined femtosecond 
optical transient-reflection techniques with the surface plas-
mon polariton resonance [14,15]. The results clearly indi-
cated that the temperature and laser intensity dependence 
of the energy relaxation rate is in clear contradiction with 
the TTM (see Fig. 1 taken from Ref. 15). Experimentally 
a decrease of the effective relaxation time for both Ag and 
Au thin films were observed when the temperature is low-
ered from 300 to l0 K. The relaxation time did not show 
any increase in the low-temperature limit. Also, the relaxa-
tion time does not show any dependence on the deposited 
laser energy density [14,15]. In order to resolve discrepan-

cies, the electron-electron collisions were included in 
the Boltzmann kinetic equations. Numerical integration 
of these nonlinear equations gives satisfactory description 
of the observed relaxation time [14,15]. 

At this point, we have to remind about the applicability 
of the Boltzmann kinetic equations to photoexcited metals. 
According to Ref. 29 the characteristic distances where the 
distribution function changes should be larger than 1/ Fk  
where Fk  is the Fermi momentum. Usually, for pump-
probe experiments, this is not a problem. If the experi-
ments are performed on thin films with the thickness less 
than the absorption length this is not a problem at all. In 
the case of bulk materials, we have to compare the absorp-
tion length with 1/ Fk . The absorption length in metals is 
of the order of ten nanometers or more which allows to use 
kinetic approach. Another restriction is related to the char-
acteristic time of the evolution of the distribution function. 
This time must be longer than f/ 1 sFε  , where  is the 
Planck constant. In most of the pump-probe experiments in 
metals, the time resolution is limited by tens of femto-
seconds. It also allows to use the Boltzmann kinetic equa-
tions. More attention should be paid when the distribution 
function has high-energy tails ( > Fε ε ) which may relax 
very quickly. 

In order to clarify the situation let us make some esti-
mates and clarify the regions of applicability of different 
theories. In accordance with Ref. 30 the thermalization of 
electron gas due to electron-electron collisions occurs at 

Fig. 1. Comparison between experimental data and the calculated 
electron-phonon energy relaxation time Eτ  in the TTM versus 
temperature for various deposited laser-energy density lU  for Ag 
and Au. Solid line: infinitesimally small lU . Dashed lines A, B, C: 

lU  = 0.3, 1.3, 5.2 J·cm 3− , respectively. Dots: experimental data. 
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the timescale 3 2 2= 4 / ( )ee F c Bk Tτ ε π µ , here we introduce 
Coulomb pseudopotential cµ . The Coulomb pseudopoten-
tial plays also very important role in the Eliashberg theory 
of superconductivity [8,9]. Note, that in the superconduc-
tivity theory the Coulomb pseudopotential is reduced due 
to retardation effects [31,32]. Electron-phonon thermalization 
occurs on the timescale determined by TTM [6,7]. At low 
temperatures, < DT T , 3 2 3

ph = / 720 (3) ( )e D Bk T−τ π ω ζ λ . 
Here λ is determined by Eq. (1) with = 0n  and = /D B Dk Tω  
is the Debye frequency and (3) 1.202ζ ≈  is Riemann zeta 
function. At high temperatures > DT T  the electron-phonon 
thermalization is determined by formula [7,30], 

3 2
ph = / 3e Bk T−τ π λ〈ω 〉 . The TTM is justified if the ther-

malization due to electron-electron collisions is faster than 
electron-phonon thermalization ph<ee e−τ τ . Assuming that 
the dimensionless parameters cµ  and λ are of the order of 
1 and dropping all numerical coefficients we obtain that 
TTM is applicable in the range of temperatures [33]: 

1/3( / ) < < ( / )D D F D F DT T Tω ε ε ω  . This inequality means 
that the TTM is not applicable in the temperature range 
where most of the pump-probe experiments are performed. 

There is an additional problem of the TTM which is re-
lated to the fluence dependence of the pump-probe exper-
iments. Experimentally it is relatively easy to reach such 
intensity of laser pulses that the electronic temperature is 
much higher than the lattice temperature eT T . It means 
that in accordance with the TTM the response must be 
a nonlinear function of the pump power at such intensities. 
This was not reported in Refs. 14, 15. In order to see 
the nonlinearities in the pump-probe experiments it is neces-
sary to use much higher laser intensities as in experiments 
[14,15] that the calculated electronic temperature reaches 

1/3= ( / )e D F DT T ε ω  limit. In experiments [14,15] the 
laser intensities were high enough that the calculated elec-
tronic temperature satisfies the first inequality eT T . On 
the other hand, the estimated electronic temperature was not 
large enough to observe nonlinearities 1/3( / ) .e D F DT T ε ω  
There are reports of the pump-probe measurements in met-
als at very high fluences when the estimated electronic 
temperature exceeds the limit 1/3( / )D F DT ε ω  [17,18]. As 
expected, in that case, the TTM is applicable and the 
fluence dependence of the relaxation time is observed. 
Note, that the TTM was successfully used for the interpre-
tation of the photoinduced suppression of the spin density 
wave in chromium [34]. Similarly, the TTM provides a rea-
sonable description of the nonequilibrium dynamics in 
the topological insulator Bi2Se3 [35]. In both cases, 
the pump intensity was high enough to rise the electronic 
temperature above the limit 1/3( / )D F DT ε ω  [34,35]. 

These arguments suggest that during these types of ex-
periments the electron distribution function is far from 
equilibrium and cannot be described by the quasiequil-
ibrium Fermi distribution function with elevated electronic 
temperature. Most convincing arguments against the TTM 
were obtained by the direct measurements of the electron 

distribution function using time-resolved photoemission 
spectroscopy [36–38]. The interpretation of the photoemis-
sion spectra in terms of the distribution function of elec-
trons assumes that the matrix element involved in the pho-
toemission experiments and the density of electronic states 
near Fε  are smooth functions of energy [39]. In the case of 
ordinary metals, this assumption is usually correct. In some 
metals, additional bands appear in the spectra, but usually 
these bands have relatively large excitation energy and do 
not influence the determination of the energy dependence 
of the distribution function (see Fig. 5 in Ref. 37, for ex-
ample). In the measurements [36–38], the transient electron 
distribution function is not thermal and has high-energy 
tails, which survive till the thermalization occurs [36]. More-
over, in gold at about 400 fs after excitation, about 30% of 
the pump energy is already in the phonon subsystem [36], 
while the thermalization is observed only after 1 ps. There-
fore the transfer of energy from electrons to phonons oc-
curs faster than the electronic thermalization. A similar ef-
fect is observed in ruthenium [37]. It is estimated that 100 fs 
after the pump about 20% of quasiparticles are in the high-
energy tails of the distribution function. To account for this 
effect it was suggested that the electron distribution func-
tion can be represented as a sum of thermal and non-
thermal parts [36,37]. It was also suggested to approximate 
the nonthermal distribution function by a Fermi–Dirac 
function with reduced amplitude and a nonphysical auxilia-
ry temperature [37]. Therefore, the main conclusion of the 
time-resolved photoemission experiments is that signifi-
cant part of the energy is transferred from electrons to 
phonons before electrons are thermalized. It demonstrates 
the direct contradiction with the assumptions of the two-
temperature model. 

In high-temperature superconductors, time-resolved pho-
toemission experiments also show that high-energy tails 
in the electron distribution function survive until few hund-
reds of femtoseconds [38]. More sophisticated analysis of 
the time-resolved ARPES spectra of Bi2Sr2CaCu2O8 x+  is 
presented recently in Ref. 40. Measuring relaxation time 
for photoexcited electrons at different energies the differ-
ent relaxation processes were identified. At high energies 
the relaxation is governed by fast electron-electron colli-
sions. At lower energies, the population decay is governed 
by optical phonons with the timescale in the range from 
tens to hundreds of femtoseconds. And finally, the ther-
malization occurs on the picosecond timescale [40]. The 
results of time-resolved APES data were compared with si-
mulations which include electron-electron and electron-pho-
non collisions and are based on quantum kinetic equations 
for nonequilibrium Keldysh–Greens functions [41,42]. 
To describe the experimental observations the Eliashberg 
function was modeled by two delta functions at energies 
corresponding to acoustic and optical phonons [40]. Over-
all, the qualitative agreement of experimental data and 
simulations was quite good. 
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These experimental facts make the application of the 
TTM questionable and the results obtained on the basis of 
the analysis of experimental data applying the TTM unreli-
able. Understanding of this fact initiated many publications 
where different approaches were used in order to simulate 
the Boltzmann kinetic equations for electrons and phonons 
in metals excited by ultrashort laser pulses [43,44]. For 
example, in Ref. 43 the electron-phonon collision integrals 
were considerd exactly while the electron-electron colli-
sions were considered in the relaxation time approxima-
tions. As a result, the evolution of the calculated electron 
distribution function is similar to that observed in experi-
ments in Ref. 36. On the other hand, in Ref. 44 the com-
plete set of kinetic equations was simulated numerically. 
For laser excitations near the damage threshold, it was found 
that the energy exchange between electrons and lattice can 
be described with the two-temperature model, in spite of 
the nonequilibrium distribution function of the electron gas. 
In contrast, the nonequilibrium distribution leads at low 
excitations to a delayed cooling of the electron gas, indi-
cating the deviations from the TTM. The conclusion was 
that the cooling time of laser-heated electron gas depends 
on excitation parameters. 

The description of the relaxation of hot electrons in 
metals with a numerical solution of the Boltzmann kinetic 
equations demonstrates qualitative agreement with experi-
ments. The main problem of this description is the lack of 
estimates of observable timescales as well as the lack of 
description of different physical processes which occur in 
a metal on a short timescale. In Ref. 45 qualitative argu-
ments were presented in order to analyze the processes in 
metal after photo-excitation. According to this theory at 
the first stage of relaxation multiplication of the electron-
hole pairs due to electron-electron collisions occurs. The 
quasiparticle density increases in accordance with the scal-
ing low n t∝  [45]. On the other hand, each quasiparticle 
emits phonons with the rate πλ〈ω〉 . This leads to the trans-
fer of energy to phonons in accordance with the formula 

3/21 ( / )EE t∝ − τ , where 

1/3 1/3 4/3 1/3 2 2/3= 4 / ( )E F cτ ε π µ λ〈ω 〉 . 

The value of Eτ  was estimated as 0.8 ps in Au. Note, that 
the relaxation time Eτ  is defined as if at = Et τ  all energy 
absorbed by electrons is transferred to phonons in agree-
ment with photoemission experiments [36]. Here we have 
to note that relaxation time measured by pump-probe tech-
nique shows linear temperature dependence and is of the 
order of 1 ps. Therefore, the estimate for Eτ  is not con-
sistent with the experiments. 

Later in Ref. 30 the linearized Boltzmann kinetic equa-
tions for the distribution function averaged over angles 
were formulated. Both electron-electron and electron-
phonon collision integrals were considered. For electron-
electron collisions the integro-differential kinetic equation 

is reduced to differential form for the Fourier transformed 
distribution function [30]. This equation is similar to the 
diffusion equation and contains only one characteristic 
timescale 3 2 2= 4 / ( )ee F c Bk Tτ ε π µ , which plays the role 
of diffusion coefficient in this equation. The relaxation is 
determined by the spectrum of eigenvalues of the differen-
tial operator defined in Ref. 30. This differential operator is 
similar to a one-dimensional quantum mechanical Hamil-
tonian [30]. The smallest eigenvalue in the continuous 
spectrum of this operator defines the longest relaxation 
time which is exactly equal to eeτ . This timescale deter-
mines the electron-electron thermalization. Initial fast elec-
tron-electron relaxation is determined by the large eigen-
values of this operator. The initial fast relaxation strongly 
depends on the initial distribution function (namely on the 
frequency of the laser pulse). But, irrespective of the initial 
excitation, the asymptotic behavior on the large timescale 
is determined by eeτ : 

 
exp ( / )ee

EQ
t

n n
t
− τ

− ∝ ,  

where 
( ) /

( ) =
4 cosh ( / )

e B
QE

B

T T k Tn
T k T
− ε

ε
ε

 

is the thermal distribution function described by the 
nonequilibrium electronic temperature eT  in the limit 

eT T T−  . 
For the electron-phonon collision integrals, two limiting 

cases were proposed. In the low-temperature limit < DT T  
and in the case of Eliashberg function for “dirty” metals 

2 ( ) = / (2 )DFα ω λω ω  for < Dω ω , the Boltzmann kinetic 
equation is reduced to a differential form, similar to that 
for electron-electron collisions [30]. In this limit, there is 
only one timescale, determined by this equation 

2

ph 3 2
2

=
( )

D
e

Bk T
−

ω
τ

π λ

  

which also plays the role of diffusion coefficient in the 
equation. For any realistic case phee e−τ τ  the limit of the 
TTM is never achieved. As in the case of electron-electron 
collisions, the thermalization at low temperatures is deter-
mined by the smallest eigenvalue in the continuous spec-
trum of the differential operator defined in [30]. Therm-
alization time is equal to phe−τ . The asymptotic at large 
time has the following form: 

phexp ( / )et
n

t
−− τ

∝ . 

Therefore, experimentally only phe−τ  is achievable. As in 
the case of electron-electron collisions, the relaxation on a 
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short timescale is not universal and is determined by the 
details of the initial distribution function. 

The electron-phonon collision integrals may be rewrit-
ten in the differential form in the limit of high temperature 

> DT T  or in the limit when the average energy per excited 
quasiparticle is larger than Dω  [30,33]. In that case the 
equation for the nonequilibrium part of the distribution 
function ( , )tφ ε  has the form 

 1 ( , ) = tanh ( / 2 ) ( , ) ( , ) ,B Bt k T t k T t− ∂ ∂ γ φ ε ε φ ε + φ ε ∂ε ∂ε 
  (2) 

where 0( , ) = ( , ) ( , )t f t f Tφ ε ε − ε . Here ( , )f tε  is the non-
equilibrium distribution function for electrons and 0 ( , )f Tε  
is the equilibrium Fermi–Dirac distribution function at 
equilibrium temperature T  and 2=γ π λ〈ω 〉 . This equation 
shows that the electron-phonon relaxation represents the 
diffusion of electrons in energy space with emission of 
phonons. It is physically justified, because the characteris-
tic energy of electron is higher than the phonon energy. 

In order to apply this equation for description of the re-
laxation photoexcited electrons after a short laser pulse it is 
necessary to add linearized electron-electron collision in-
tegral to the right-hand side of Eq. (2) [33]. Experimentally 
it is known [36–38] that during subpicosecond relaxation 
the average energy per photoexcited electron is relatively 
large. Therefore, Eq. (2) with the electron-electron colli-
sion integral may be applicable for the description of ex-
perimental data. Indeed the numerical simulations perform-
ed in Ref. 33 showed that Eq. (2) compared to exact elec-
tron-phonon collision integrals with different Eliashberg 

functions describe the evolution of the distribution function 
well enough in the whole process of relaxation. In Fig. 2 
we presented the comparison of relaxation times obtained 
from the simulation of the linearized Boltzmann kinetic 
equations and the Fokker–Planck equation (2). The results 
demonstrate that Eq. (2) describes the relaxation quite well. 

Very often there is no need to solve the full set of kinetic 
equations. Sometimes it is sufficient to describe the energy 
transfer from electrons to phonons. For this purposes, we 
can multiply Eq. (2) by the energy and integrate over ε. 
The integral which involves the electron-electron collision 
integral reduces to 0 because electron-electron collisions 
preserve the total energy. The integration yields 

 
0

= 2 tanh ( / 2 ) ( , ).BE d k T t
∞

− γ ε ε φ ε∫  (3) 

This equation describes the emission of phonons by 
nonequilibrium electron-hole pairs. If we assume that the 
characteristic energy scale in ( , )tφ ε  is large in comparison 
to Bk T  the equation is reduced to equation = 2E n− γ  de-
rived in Ref. 45, where n is the nonequilibrium density of 
electron-hole pairs. It has a very straight forward interpre-
tation. The high-energy electron-hole pairs emit phonons 
with the rate 1 2= /em

−τ πλ〈ω 〉 〈ω〉 . 
Therefore, we have the following physical interpreta-

tion of the relaxation process after photoexcitation [33]. 
The pump pulse creates a broad distribution of electron-
hole pairs with large excitation energy. The high-energy 
electrons relax to the low-energy scale 1/2( )D Fε ω ε   

,B Dk T ω  due to electron-electron collisions. The ener-
gy scale is determined by the condition when the lifetime 
of electron due to electron-electron collisions becomes 
equal to the lifetime due to electron-phonon collisions. For 
electrons with energy 1/2< ( )D Fε ω ε  the electron-electron 
collisions may be neglected. It happens on the timescale 

2/〈ω〉 λ〈ω 〉 . The photoexcited electron-hole pairs emit 
phonons immediately after excitation. The emission rate is 
temperature-independent and is not affected by the Fermi 
distribution function, because the average energy of non-
equilibrium electrons is large in comparison to Bk T  and 
the distribution function for electrons is small at that energy. 
The solution of Eq. (2) shows that the relaxation time is 
weakly temperature dependent in agreements with expe-
riment. The divergence of the relaxation time at low tem-
peratures is absent [33]. It does not depend on the laser 
pump fluence and laser frequency. Equation (2) allows 
a simple estimate of the relaxation time. Since the charac-
teristic energy of nonequilibrium electrons is of the order 

1/2( )D Fω ε  the derivative of the distribution function may 
be estimated as 1/2/ / ( )D F∂φ ∂ε φ ω ε . Therefore, the 
relaxation time determined by Eq. (2) may be estimated as 

1/2 2( ) / 1D Fτ ≈ ω ε π λ〈ω 〉 ≈   ps for Au. 
Note that electron-electron collisions have an important 

effect on energy relaxation. When the electron-electron 

Fig. 2. Temperature dependences of the energy relaxation time 
calculated for three different Eliashberg functions. Dotted line with 
triangles represents the “dirty metal case” 2 ( ) = / 2 DFα ω λω ω , 
solid line with circles represents Debye model 2 2 2( ) = / DFα ω λω ω , 
and dashed line with squares represents the Einstein model 

2
0 0( ) = ( )Fα ω λω δ ω−ω . Dashed-dotted line with diamonds re-

presents temperature dependence of the relaxation time for 
the Fokker–Planck equation (2). In the case of Einstein model, 

0= /D BT kω . 
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collision rate increases, the high-energy excitations are 
decaying with the creation of more low-energy electron–
hole pairs. On the other hand, the energy relaxation is pro-
portional to the number of nonequilibrium electrons. 
Therefore when the electron-electron collision rate in-
creases the energy relaxation rate of nonequilibrium elec-
trons increases as well. This relaxation occurs until almost 
all energy is transferred to phonons. Only after that the 
thermalization, described by the set of equations derived in 
Ref. 30, starts. But, since most of the energy is transferred 
to the phonon subsystem before the time when the average 
energy per electron-hole pair becomes of the order of Bk T , 
the final and the longest stage of thermalization is difficult 
to observe. 

Note, that recently it was suggested [46,47], that pho-
non distribution function is not thermal and it plays an im-
portant role in the relaxation of photoexcited electrons. In 
the weak perturbation limit, it was shown that the phonon 
distribution function is always thermal and may be de-
scribed by the nonequilibrium temperature [33]. In the case 
of strong perturbation, when electronic temperature is 
more than 1000 K, it appears that these corrections are im-
portant [47], and phonon distribution function remains 
nonthermal on the timescale of a few tenths of picose-
conds. The relaxation of nonequilibrium phonons was also 
studied in recent publication [48]. In addition to electron-
electron and electron-phonon collisions, the phonon-pho-
non collisions were considered. The main conclusion of 
these calculations is that the relaxation of phonons occurs 
on a much longer timescale than the relaxation of hot elec-
trons. However, the main question remains if this relaxa-
tion may be observed experimentally. 

In conclusion, it is important to underline that the solu-
tion of the Boltzmann kinetic equations provides a good 
description of the hot electron relaxation in metals excited 
by the short laser pulse. But because the relaxation time 
depends not only on the electron-phonon coupling cons-
tant λ, but, also depends on the electron-electron Coulomb 
pseudopotential cµ  the unique way to determine λ is not 
possible. Nevertheless, using high-power laser pulses it is 
possible to reach very high electronic temperatures 

1/3> ( / )e D F DT T ε ω  which allows the application of the 
TTM. In that case, the coupling constants may be deter-
mined in the standard way [49]. However, the applicability 
of the TTM must be verified via measurements of tempera-
ture and fluence dependence of the relaxation time [49]. 
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Електрон-електронна та електрон-фононна 
релаксація в металах, яка збуджується оптичним 

імпульсом 

В.В. Кабанов 

Представлено короткий огляд теоретичних моделей опису 
релаксаційних процесів, які порушуються коротким лазер-
ним імпульсом, в металах. Основну увагу приділено розгляду 
різних процесів, що відбуваються після поглинання лазерно-
го імпульсу. Обговорюється двотемпературна модель, що 
широко використовується, та визначено умови застосування 
цієї моделі. Проаналізовано різні підходи до вирішення кіне-
тичних рівнянь Больцмана. Встановлено, що в разі найниж-
чої межі збудження релаксація визначається емісією фононів 
при збудженні електронів світлом. Обговорено можливість 
визначення величини константи електрон-фононного зв’язку 
із експериментів. 

Ключові слова: електронний газ, електрон-електронна ре-
лаксація, електрон-фононна релаксація, кінетичні рівняння 
Больцмана. 

Электрон-электронная и электрон-фононная 
релаксация в металлах, возбуждаемая 

оптическим импульсом 

В.В. Кабанов 

Представлен краткий обзор теоретических моделей опи-
сания релаксационных процессов, возбуждаемых коротким 
лазерным импульсом, в металлах. Основное внимание уделе-
но рассмотрению различных процессов, происходящих после 
поглощения лазерного импульса. Обсуждается широко ис-
пользуемая двухтемпературная модель и определены условия 
применимости этой модели. Проанализированы различные 
подходы к решению кинетических уравнений Больцмана. 
Установлено, что в случае низкого предела возбуждения 
релаксация определяется эмиссией фононов при возбужде-
нии электронов светом. Обсуждена возможность определе-
ния величины константы электрон-фононной связи из экспе-
риментов. 

Ключевые слова: электронный газ, электрон-электронная 
релаксация, электрон-фононная релаксация, кинетические 
уравнения Больцмана.
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