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Abstract. Effects of confinement on the electron-electron (e-e) and electron-phonon (e-ph) thermaliza-
tion dynamics in noble metal clusters are calculated using simple approaches. The model predictions are
compared with femtosecond pump-probe measurements which display an acceleration of the e-e and e-ph
relaxation dynamics. The size-effects on the e-e relaxation dynamics are consistent with a model involving
the surface-induced reduction of the screening efficiency of the Coulomb e-e interaction. With regard to
the e-ph relaxation dynamics, this model yields too large time constants, pointing out deficiencies of the
standard modelling of the e-ph energy exchanges in bulk metals. Analysis of these deficiencies shows that
the bare e-ion interaction has to be involved in the transition matrix element describing the non-adiabatic
e-ph energy exchanges.

PACS. 36.40.-c Atomic and molecular clusters – 78.47.+p Time-resolved optical spectroscopies and other
ultrafast optical measurements in condensed matter – 42.65.-k Nonlinear optics

1 Introduction

Effect of the confinement on the electron dynamics in
nanometer-sized metal particles has been an intense field
of research during the past decade [1–3]. Besides its im-
portance from a fundamental point of view, a comprehen-
sive understanding of the finite-size effects on the electron
relaxation mechanisms is of primary interest due to the
potential application of metal particles as building blocks
for photonic or electronic integrated devices designed to
process ultrafast signals. Time-resolved optical techniques
have been recognized to be powerful tools for ensuring
this challenge, but well-controlled experimental conditions
are required to extract physically-meaningful results from
very low intensity signals. Owing to insufficient resolution
(too large light-pulse duration) very scarce reliable results
on the internal electronic (e-e) relaxation are available [4]
(time-scale on the order of one to a few hundreds fs), in
contrast with the electron-phonon (e-ph) relaxation which
takes place over a longer time scale (typically 1-2 ps). Re-
garding the measured e-ph thermalization time constants,
one has however to mention that contradictory results
about the size effects have been reported on [1–3,5–7]. The
discrepancies result very likely from the pump intensity-
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dependence of the measured kinetics which is rooted, to
a large part, in the temperature-dependence of the elec-
tronic heat capacity.

These last years an experimental investigation on var-
ious metallic systems has been undertaken in the low per-
turbation regime, in using the same apparatus and — as
far as possible — under similar experimental conditions,
that depend on the kinetics to be measured [4,7]. Usually,
off-resonant probe excitation is selected for studying the
e-ph kinetics (photon energy below both the interband-
transition threshold (�Ωib) and the surface plasmon en-
ergy), whereas probe photon energy tuned near �Ωib is
required for e-e relaxation kinetics measurements. These
studies are carried out over large size ranges and involve
various embedding media. Let us summarize the major
shared findings. Firstly, for large enough particles (typi-
cally above 10 nm in diameter), the thermalization time
constants are found to converge towards the value mea-
sured on a 30 nm-thickness metal film, suggesting that the
asymptotic large-diameter value reflects a bulk property.
Secondly, for a given size, the time constants are found
almost independent of the surrounding material, point-
ing out that the measured kinetics correspond to intrinsic
dynamical processes inside the particles (very likely, the
energy exchanges with the embedding material take place
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at longer time scales). Thirdly, a systematic decrease of
the e-e and e-ph relaxation time constants for decreasing
particle sizes is observed, for each studied metallic sys-
tem. Moreover the relative size evolutions are similar in
all the systems, suggesting that common physical mecha-
nisms underlie the confinement-induced changes of the e-e
and e-ph thermalization kinetics.

In order to explain, at least partly, the acceleration
of the relaxation processes in small noble metal particles,
the reduction of the screening efficiency close to the sur-
face has been tentatively brought forwards, within a model
approach involving the same ingredients as those respon-
sible for the finite-size effects on the linear optical proper-
ties [8]. Briefly, this model takes into account the specific
electronic and dielectric properties at the surface, that are
related to, on the one hand the spillout of the electron-
density tail beyond the classical particle radius, and, on
the other hand the surface skin of ineffective d-electron
polarisability. Let us emphasize that, with respect to the
e-ph relaxation, other alternative mechanisms, involving
for instance the vibrational surface modes, may contribute
to the size effects [5,6]. In bulk metals the screening
of the Coulomb interaction is of central importance for
describing dynamical processes involving energy or mo-
mentum exchanges between the metal constituents (elec-
trons and ions). These processes are, at the microscopic
level, described in terms of two-body e-e and e-ph scat-
tering events. Since the corresponding transition matrix
elements involve the Coulomb interaction operator, it is
clear that the electronic screening, which describes the
self-consistent correlated response of the many-interacting
electron system, plays a central role in modifying notice-
ably the effective two-body interaction forces. In the bulk
the two main factors ruling the screening strength are:
(i) the background core electron-related dielectric func-
tion εb (for noble metals, this contribution corresponds to
the real and virtual transitions between occupied d-bands
and the s-p conduction-band), (ii) the average conduction-
electron density n0 [9]. As emphasized above, close to
the particle surface, both screening sources are reduced,
leading to a size-dependent relative decrease of the mean
screening efficiency, i.e. to an increase of the net effective
mean scattering rate.

In Section 2 the experimental and model results are
presented and briefly discussed in order to introduce the
physical context of this work. At the end of this section
it will be emphasized that, in addition to the overestima-
tion of the relative size-trend for Au, the theoretical model
— although grounded on a widespread Condensed-Matter
(CM) description — suffers from serious deficiencies. In
Section 3 the major results we obtained in analyzing
these deficiencies for the bulk are given. This exploratory
work indicates that the standard CM modelling of the
non-adiabatic electron-lattice energy exchanges, which in-
volves screened e-ph interactions, is actually incorrect. Fi-
nally, with regard to the finite size-effects on the e-ph
thermalization, some hints on possible additional effects
are presented (Sect. 4).

Fig. 1. Size dependence of the e-e (upper figure) and e-ph
(lower figure) thermalization time constants. The experimen-
tal results [black squares (Au), empty squares (Ag), crosses
(Cu)] have been normalized relative to the bulk time constant
deduced from measurements on the metal films. The model
predictions [thick line (Au), thin line (Ag), dashed line (Cu)]
have been normalized relative to the asymptotic (large R) the-
oretical value.

2 Experimental and model results

The time-resolved spectroscopy experiments have been
performed using a high-sensitivity femtosecond pump-
probe setup. Details of the apparatus can be found
elsewhere [1,4,7]. From the recorded transient differen-
tial transmission and reflection changes ∆T (τ)/T and
∆R(τ)/R (τ is the delay between the probe and pump
pulses) the transient linear changes of the effective com-
plex dielectric function of the samples can be deduced,
from which the real- and imaginary-component changes
∆ε1(τ) and ∆ε2(τ), corresponding to the metal particles,
can be obtained. In relating both dielectric-function com-
ponents to the electron population modifications ∆n(k, τ)
through Lindhard-type expressions of the metal dielectric
function, the e-e relaxation kinetics may be extracted (k is
the electron wave-vector).

The experimental time-constants characterizing the in-
ternal e-e thermalization are shown in Figure 1, for Ag
and Au. In order to plot all the results on the same figure
the values are normalized relative to the bulk value of the
corresponding metal [τe−e(bulk) ≈ 350 fs and 450 fs for Ag
and Au, respectively]. No analytical formula can be given
for expressing the e-e thermalization time. Let us stress
that this time constant characterizes a global stochastic
process of the electron gas, and has not to be confused
with the Fermi-liquid-theory electron life-times [9], which
depend strongly on the energy relative to the Fermi en-
ergy (EF ) and the temperature. The expression of the
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electron life-times indicates only that an approximate scal-
ing law of the form τe−e � ε

1/2
b n

5/6
0 is expected. Simula-

tion of the e-e relaxation dynamics for the bulk (≈ film),
calculated in solving the Boltzmann kinetic-equations in
the framework of the Fermi liquid theory (involving a
screened e-e Coulomb interaction), allows to reproduce
quite well the short-time experimental signals. For the
metal particles such a model approach is not technically
feasible, because of the loss of the translational symmetry
(wavefunctions appropriate to the spherical symmetry are
required, and the position-dependent non-local suscepti-
bility has to be introduced for describing properly the
screening in such finite systems). As briefly mentioned
in Section 1, the relative size effects have been roughly
estimated in spatially averaging the local bulklike scatter-
ing rate inside the particle volume, through the position-
dependent electron density n(r) and background dielectric
constant εb(r) [4]. The good agreement between theory
and experiment suggests that the observed decrease of the
time constant τe−e(R) with decreasing size results from
the local reduction of the screening strength close to the
surface.

When the probe photon energy is well below �Ωib,
the experimental signal following the pump-pulse dura-
tion can be shown to be proportional to the electron-gas
energy excess ∆Ee(τ) relative to the equilibrium ther-
malized state. Assuming that the electron and phonon
gases are independently thermalized [temperatures Te(τ)
and Tph(τ) ≈ T0 (room temperature), respectively], the
electron cooling dynamics is well described by the well-
known “two-temperature model”. In the low perturba-
tion regime, the electronic heat capacity Ce(Te) can be
identified with Ce(T0), and an exponential decay of both
Te(τ) and ∆Ee(τ) is predicted. The time constant is given
by τe−ph = Ce(T0)/G, where G is the so-called electron-
phonon coupling constant. Under standard approxima-
tions, and using the Boltzmann kinetic-equations, an an-
alytical formula for the e-ph thermalization time can be
derived

1
τe-ph

=
A

MT0n
1/3
0

∫ qd

0

q3
|W (q)|2
|ε(q)|2 dq (1)

where A is a constant, M the ion mass, qD the Debye
wave-vector, q the wave-vector of the annihilated or cre-
ated phonon, W (q) and ε(q) are the corresponding Fourier
components of the bare e-ion interaction and of the static
dielectric function, respectively [ε(q) ≈ εb + (qTF (n0)/q)2
where qTF (n0) is the Thomas-Fermi wave-vector]. In
this approach, widespread in the Solid-State literature,
the e-ph scattering matrix element involves basically the
screened e-ion interaction. Historically the “prescription”
concerning the screening of the e-ion interaction can be
traced back to the early work by Bardeen in the context
of the Bloch theory of conductivity [10]. As for the e-e
thermalization the relative size-effects have been roughly
estimated in spatially averaging the local scattering rate,
through the position-dependent parameters governing the
screening efficiency in ε(q). The theoretical results are
presented in Figure 1 [empty-core Ashcroft parametriza-

tion of the bare e-ion interaction; the ionic radii tabu-
lated in Ref. [12] have been taken for the radius of the
empty-core radius] and compared with the normalized
experimental measurements. The calculated normalized
relative size-effects are found in rather good agreement
with the experiments, except for a noticeable overestima-
tion for Au, over the entire size range. Besides the dif-
ferences in the ion mass, and slightly different mean elec-
tron densities n0, the three noble metals differ essentially
in the value of their static interband dielectric constant
(εb ≈ 5.9, 3.7 and 6.7, for Cu, Ag and Au, respectively).
We have thus suspected this model to overestimate the
εb-dependence of the e-ph coupling constant G [11]. More-
over, the model leads to wrong predictions with regard to
the absolute magnitude, as well as to the bulk metal-to-
metal e-ph time constant ratios. From the experiments on
the 30 nm-thickness films, the following approximate val-
ues are extracted: τe−ph(Cu) ≈ 620 fs, τe−ph(Ag) ≈ 870 fs,
τe−ph(Au) ≈ 1150 fs. The model predictions for the bulk
are: τe−ph(Cu) ≈ 1.9 ps, τe−ph(Ag) ≈ 2.3 ps, τe−ph(Au) ≈
9.5 ps. These large values, that are inconsistent with the
experiment, have forced us to call into question the relia-
bility of the standard CM approach. These discrepancies
pose the question of the relevance of the screening in the
non-adiabatic electron-lattice energy exchanges.

3 Electron-lattice energy exchanges: the role
of the screening

In this section we point out the inconsistencies of the stan-
dard CM description, and argue that the transition ma-
trix element ruling the non-adiabatic energy exchanges
between the electrons and the lattice involve the bare
e-ion interaction. The simple arguments given in the be-
ginning will be rigorously grounded at the end of this sec-
tion. Basically, the physical picture on which is founded
the standard CM approach consists of delocalized elec-
trons in a periodic potential, described by Bloch-states,
exchanging energy and momentum with a set of indepen-
dent oscillators (harmonic approximation) via creation or
annihilation of phonons, through a screened e-ion interac-
tion. The standard formulation rests physically on a model
Hamiltonian of the following type

HB =
∑

i

[
− �

2

2m
+W (ri)

]
+Vee+He−ph(...ri..., ...Qj,q...)

+
1
2

∑
j,q

[
P∗

j,qPj,q + ωj(q)2Q∗
j,qQj,q

]
(2)

W (ri) is the periodic potential experienced by the elec-
trons, the Qj,q’s are the normal phonon modes (j stands
for the acoustic branch, q for the phonon wave-vector),
Vee is the e-e Coulomb interaction, and He−ph is the bare
e-ph interaction [departure of the overall e-ion interac-
tion Ven from its value at the equilibrium lattice geometry
(V 0

en), restricted ordinarily to the first order with respect
to the ion displacements Rnu − R0

nu = snu, with u = x,
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y or z. He−ph ≈ ∑
i,jqQj,qVj,q(ri)]. Since the only ef-

fect of Vee that is retained in the CM approach, at least
in the present context, consists in the e-ion interaction
screening, He−ph + Vee could be directly replaced by the
screened e-ph Hamiltonian.

As a matter of fact, although of widespread use in the
literature, the model Hamiltonian HB is not consistent
with the basic metal Hamiltonian

H = Te + Vee + Ven(...ri..., ...Rn...) + Vnn + Tn (3)

where standard notations have been used. Since Ven is
the only term coupling the positively-charged ionic system
and the negatively-charged electronic system, it is clear
that the separate treatment of the electronic and ionic
problems is strictly impossible. The standard procedure
consists in adding to the electronic part Te +Vee the e-ion
interaction taken at the equilibrium lattice configuration
(i.e. V 0

en), allowing to generate electronic states including,
from the outset, physical properties that are rooted in the
periodicity of the lattice (band structure). But this first
step clearly prevents definitely the ionic system from being
neutralized, necessary prerequisite for defining an equilib-
rium lattice geometry. Artificial ansatz met sometimes in
the literature, consisting for instance in introducing ho-
mogeneous — negative and positive — charge distribu-
tions for handling independently the electronic and ionic
Hamiltonians are indeed incorrect, and actually amounts
to counting two times the e-ion interaction Ven [13]. More
precisely, such a procedure has only to be considered as
an approximation, suitable in specific contexts, for solving
roughly, either the electronic problem, or the ionic prob-
lem. However, care has to be taken for treating physical
processes involving the full Hamiltonian, as the e-ph cou-
pling problem, in order to avoid double-counting of phys-
ical ingredients that contribute both in the electronic and
lattice properties. In comparing HB and H it is clear that
the normal modes in HB have to be derived from the bare
ion-ion interaction Vnn solely. Since all the ions are posi-
tively charged, the definition of a “bare phonon spectrum”
in unclear, and has to be rigorously defined, whatever the
metal sample size is. This “bare spectrum” rests necessar-
ily on an artificial procedure (introduction of a fictitious
neutralizing homogeneous negatively-charged background
for instance). However the spurious additional contribu-
tions introduced through the ad-hoc procedure have to be
subtracted from the full Hamiltonian.

In fact, in the model Hamiltonian HB, the electronic
screening is already implicitly taken into account in two
terms. First, the screening is essential for defining a peri-
odic (or flat) potential over the entire volume. For exam-
ple, the self-consistent effective electronic potential aris-
ing from DFT calculations on spherical jellium-clusters is
completely different from the bare ionic potential which
is quadratic inside the particle volume. Second, the ob-
servable strongly-dispersed phonon spectrum, having the
correct long-wavelength behaviour ω(q → 0) = vsq (vs

is the sound velocity) entering the Hamiltonian HB is
the “dressed phonon spectrum”, i.e. the ionic vibrational
spectrum derived from the effective short-range ion-ion

interaction (screened ion-ion interaction). Starting from a
model Hamiltonian expressing asHB, in which the phonon
Hamiltonian is assumed built from a “bare phonon spec-
trum” Ω(q) [the Ω(q)’s are on the order of the ionic
plasma frequency], Bardeen and Pines have shown in ap-
plying a canonical transformation that the e-ph interac-
tion He−ph, in presence of the Vee term (inducing thus
many-body effects, i.e. screening effects), yields renormal-
ized (or “dressed”) phonon frequencies scaling as ω2(q) =
Ω2(q)/ε(q) [14]. It is thus clear that in applying the
canonical transformation on HB (which involves the low-
frequency renormalized spectrum) a spurious additional
renormalization of the spectrum would result. This indi-
cates that Vee has necessarily to be eliminated from the
Hamiltonian HB in order to avoid double-renormalization
of the phonon spectrum. If Vee is eliminated, it is therefore
clear that screening the e-ion interaction in He−ph for de-
scribing the energy exchanges between the electrons and
the phonons is an incorrect prescription. This arguing in-
dicates that the screening effects, in the present context,
are fully taken into account in the renormalized phonon
spectrum. Moreover, in a recent paper published during
this work, and based on elaborate first-principles Green-
function methods, the inconsistency of Hamiltonians of
type HB [referred to as “Fröhlich-type Hamiltonians” by
Leeuwen] has been also pointed out [15].

The above arguments, and the difficulty in splitting
strictly the metal Hamiltonian (Eq. (3)) into an electronic
part, a phonon part (each subsystem having to be charge
neutralized) and a — small — residual term, strongly sug-
gests that the e-ph coupling problem is incorrectly de-
scribed by the model Hamiltonian HB. Indeed, the e-ph
coupling problem must be tackled in using a strategy
where the renormalized phonon spectrum is properly de-
fined, without resorting to the spurious introduction of
neutralizing backgrounds. To our opinion the only cor-
rect method is actually the Born-Oppenheimer (BO) ap-
proach, which is known to give accurate vibrational fre-
quencies, not only for small molecules, but also for large
crystals [16]. In addition, contrary to the standard CM for-
mulation (Eq. (2)), the BO approach allows to separate
from the outset the adiabatic reversible e-ph scattering
events [17] from the stochastic events corresponding to the
irreversible (i.e. non-adiabatic) energy exchanges between
the electrons and the ions. This aspect is of crucial impor-
tance if e-ph dynamical processes are investigated through
Boltzmann-like rate-equations, that are suitable only if
incoherent scattering events occur. In the BO approach
the first step consists in solving the electronic eigen-value
problem with He = H − Tn, where the electronic quan-
tities depend parametrically on the ion positions {Rn}
[He|ψe〉 = E|ψe〉]. This leads to the well-known result
stating that the electronic energy E(...Rn...) plays the role
of a potential energy for the ionic motions [18]. Second,
the transition matrix elements, the so-called non-adiabatic
terms of the Molecular Physics, are ensured by the ion ki-
netic energy operator Tn and involve the first (major term)
and second derivatives of the electronic BO wavefunc-
tion with respect to the ionic coordinates. The transition
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matrix element between two different BO electron-phonon
factorized states [labels i (electronic energy Ei) and f
(Ef )] reads as (major term)

−�
2
∑
j,q

〈
Φph

f

∣∣∣ 〈
ψe

f

∣∣
[

∂

∂Qjq
|ψe

i 〉
] [

∂

∂Qjq

∣∣∣Φph
i

〉]
(4)

where the electronic and phonon states are labelled by the
superscripts “e” and “ph”, respectively (the ion mass fac-
tor M is included in the normal vibrational coordinates).

Actually, it can be easily proved that the electronic
matrix element is proportional to a matrix element of
the bare operator ∂Ven/∂Qjq. Since |ψe

f 〉 and |ψe
i 〉 are

distinct BO-electronic states one has 〈ψe
f |ψe

i 〉 = 0 and
〈ψe

f |He|ψe
i 〉 = 0, for any ionic configuration {Rn}. Differ-

entiating both equations with respect to Qjq leads to the
exact relation

〈
ψe

f

∣∣
[

∂

∂Qjq
|ψe

i 〉
]

=
1

Ei − Ef

〈
ψe

f

∣∣ ∂Ven

∂Qjq
|ψe

i 〉 (5)

in noting that the term involving ∂Vnn/∂Qjq vanishes
since Vnn does not depend on the electronic coordinates
(moreover, for degenerate states, the matrix element of
∂Ven/∂Qjq vanishes). In the above equation all the quan-
tities depend on the Qjq’s. Since for a large system
(bulk) the phonon spectrum is independent of the BO-
electronic state Ei−Ef is equal to its “equilibrium-value”
[Ei − Ef ]({R0

n}) = E0
i − E0

f , and is then independent of
the vibrational normal coordinates. To the lowest order
∂Ven/∂Qjq, ψe

f and ψe
i have to be taken at the equilib-

rium geometry. As it will be seen below, this amounts
to disregarding direct multi-quanta/phonon processes, as
assumed in the standard approach (He−ph restricted to
the first order expansion of Ven relative to the equilibrium
geometry). Under this approximation the non-adiabatic
transition matrix element, expressed in terms of the Qjq’s,
can be factorized and reads as

− �
2

(E0
i − E0

f )

∑
j,q

〈
ψe

f

∣∣ ∂Ven

∂Qjq
|ψe

i 〉
〈
Φph

f

∣∣∣ ∂

∂Qjq

∣∣∣Φph
i

〉
. (6)

From this expression it can be inferred that the transition
matrix element is non-vanishing provided that the two
phonon states Φph

f and Φph
i differ only in a single quan-

tum [the sum over (j,q) reduces actually to a single term
since, in the harmonic approximation, the phonon states
are products of one-dimensional vibrational states]. Not-
ing that Pjq = (�/i)(∂/∂Qjq)) the ph-matrix element can
be related to the matrix element of the operatorQjq, lead-
ing to the expression

(Eph
f − Eph

i )
(E0

i − E0
f )

∑
j,q

〈
ψe

f

∣∣ ∂Ven

∂Qjq
|ψe

i 〉
〈
Φph

f

∣∣∣Qjq

∣∣∣Φph
i

〉
. (7)

For initial and final electron-phonon states having the
same total energy, the energy ratio in the above equa-
tion is equal to unity (the denominator and numera-
tor are both equal to the quantum �ω of the phonon

mode involved in the process). Assuming the indepen-
dent electron approximation in the final expression only
(Eq. (7)), the standard CM matrix element of the oper-
ator He−ph with the bare (i.e. unscreened) e-ph interac-
tion is recovered. This result supports the previous discus-
sion about the double-counting of the screening effects in
the Fröhlich-Bloch-type Hamiltonian. The non-adiabatic
transions, corresponding to irreversible energy exchanges
between the electrons and the phonons, are therefore ruled
— to the lowest order with respect to the Qjq — by the
bare e-ion interaction.

4 Surface effects

With regard to the electron-lattice energy transfer in
nanoparticles, the above discussion does not exclude
screening reduction as a possible mechanism contribut-
ing to the size effect. However, inclusion of the screening
reduction close to the nanoparticle surface is a difficult
task since, in the context of the above discussion, screen-
ing is included in the dressed phonon frequencies. Con-
versely to electron-electron scattering, it cannot be intro-
duced only in a space dependent renormalization of the
interaction potential, but requires renormalization of the
vibrational modes close to the surface. This can be done
only in a more general approach describing confined vi-
brational and electronic modes interacting via a realistic
coupling potential. In this context of alteration of both
the involved states and coupling potential, let us emp-
hazise that additional effects can also contribute. In par-
ticular, energy exchanges in the bulk material occur to a
large extent through the coupling of the electrons with the
longitudinal modes (strain modes; a single bulk acoustic
branch contributes noticeably to the e-ph relaxation). This
mode selection can be relax in nanoparticules, increasing
the number of modes contributing to the interaction, and,
consequently the electron-lattice energy exchanges as com-
pared to the bulk metal case.

Actually, this effect has been suggested and previously
introduced by describing electron-lattice energy exchanges
in the context of electron interaction with the capillary
surface modes (shape deformations, no strain) and acous-
tic surface modes (density changes) of the particle [19].
The former effect could be roughly considered as an ef-
fective surface-induced coupling with transverse surface
modes and the latter that, in this model, yields a minor
contribution, to interaction with longitudinal-like modes.
The difficulty here is in correctly normalizing the inter-
actions, in particular, the maximum capillary-mode fre-
quency, and to connect the predicted confined and bulk
material e-lattice coupling. This has led to different con-
clusions drawn by different authors. In reference [5] (gold
particles; 1.3 nm < R < 4.2 nm) the e-ph coupling con-
stant G(R) has been estimated in adding the capillary and
acoustic surface mode contributions, Gcap(R) and GA(R),
to the bulk film-value: G(R) = Gb + Gcap(R) + GA(R),
where Gb = Ce(T0)/τe−ph. Note that redundant mode
counting results from such an approach. The authors con-
clude that the coupling with the surface modes do not
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alter significantly the effective e-ph coupling constant for
particles of diameter exceeding 2 nm, in accordance with
their experimental results. As mentioned in Section 1,
the effect of the temperature [enlargement of Ce(T ) for
small particles] probably blurs the size dependence of G.
In reference [6] (gallium particles; 5 nm < R < 9 nm)
a simple expression G(R) = Gcap(R) has been assumed,
and, using a reasonable capillary-mode frequency cutoff,
very good agreement with their experimental data was ob-
tained, with a decreasing τe−ph time constants with size.

Though introduction of capillary modes is a first ap-
proach to include a possible contribution of transverse-
like modes in confined metals, a more refined modelling
is clearly necessary to connect the bulk and nanoparticle
data. Note, in particular, that if G(R) is identified with
Gcap(R)+GA(R) [19] a larger energy transfer time in clus-
ters than in the bulk is obtained, in spark contrast with
the experimental results in noble metals. The definite in-
terpretation and quantitative modelling of the finite-size
effects in τe−ph, to which several mechanisms could con-
tribute, remains an open question.

5 Conclusion

In this paper the e-e and e-ph thermalization kinetics in
small noble metal nanoparticles have been investigated
in the framework of simple approaches built from the
Fermi-liquid theory and Condensed-Matter Physics ingre-
dients, with surface-induced corrections. With regard to
the e-e relaxation, the experimental data are found con-
sistent with a model taking into account the modification
of the screening of the bare e-e Coulomb interaction close
to the surface. Concerning the e-ph relaxation, the stan-
dard CM modelling leads to too slow kinetics, pointing out
that the finite-size effects on the e-ph relaxation kinetics
are very likely rooted in a (or several) distinct mechanism.
With respect to the bulk material, inconsistencies of the
standard CM description of the non-adiabatic electron-
lattice energy exchanges have been pointed out. Addi-
tional experimental data on various systems, and above all
more elaborated models (and “first-principles” Molecular-
Dynamics simulations for very small clusters) including
appropriate electron-states and phonon-spectra, are re-
quired to analyze and disentangle the respective part of
the various mechanisms likely contributing to the finite
size-induced increase of the effective e-ph coupling con-
stant relative to the bulk.
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