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Abstract Despite the intensive efforts for determining the
mechanism that causes high-temperature superconductiv-
ity in copper oxide materials (cuprates), no consensus on
the pairing mechanism has been reached. Recent advances
in angle-resolved photoemission spectroscopies (ARPES)
have suggested that a sizeable electron–phonon coupling ex-
ists as the principal cause for kinks in the dispersion re-
lations (energy versus wavevector) of the electronic states.
Here, we report on a systematic study of the influence of
the electron–phonon-coupling parameter “λ” in the elec-
tronic quasiparticle dispersions along the nodal direction
for La2−xSrxCuO4, covering the entire doping range over
which the electron transport properties vary from insulating
(0 ! x ! 0.03) to superconducting (0.05 ! x ! 0.25) and
eventually non-superconducting metal (x > 0.25). This in-
cludes our recently introduced theoretical model to adjust
the experimental data on the fermionic band dispersion. The
coupling constant λ, calculated consistently with the nodal
kink dispersions, reproduces the observed critical temper-
atures Tc, the gap ratio 2∆0/kBTc, and other parameters
which have been studied from several equations. Our results
suggest that, at least in La2−xSrxCuO4, electron–phonon
coupling is the most relevant boson-coupling mode to influ-
ence the electron dynamics, and must therefore be included
in any microscopic theory of superconductivity.
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1 Introduction

For the detailed understanding of the microscopic processes
involved in the high-temperature superconducting copper
oxides (HTSC), it is important to determine the dynamics of
the electronic band structure within the energy-momentum
space. This includes the low- and high-energy excitations
both for the normal- and superconducting-states, the Fermi
surface, and the superconducting gap and pseudogap. Nowa-
days, such information is available thanks to the advent of
improved resolution both in energy and momentum in angle-
resolved photoemission spectroscopy (ARPES), inelastic
neutron scattering (INS), and x-ray scattering (IXS) experi-
ments [1]. These advances have led to new findings through
efficient Fermi surface mapping, fine electronic structure re-
solving, and direct determination of the electron self-energy.
In order to understand the relevance of the ARPES tech-
nique, we recall that the photoemission process results in
both an excited photoelectron and a photohole in the fi-
nal state. Related to this observation, it becomes a useful
probe of the related scattering mechanisms contributing to
the electrical transport in different materials. Unlike other
probes of the transport properties, the ARPES technique has
the advantage of momentum resolving. Along this line, we
want to note that the single-particle scattering rate measured
in ARPES is not identical to the scattering rate measured
in transport studies. Nonetheless, direct proportionality be-
tween them has been established [2, 3].

Noticeably, the ARPES measurements show a small
anomaly known as a “kink”, which appears as a sudden
change in the quasiparticle energy dispersion in the vicin-
ity of Fermi level (EF ) [4]. This feature, so far universal
to HTSC [5], has been regarded as a signature of the inter-
action between electrons with boson excitations (phonons
or spin fluctuations), which causes the pairing and leads
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to superconductivity. Then, an appropriate theoretical in-
terpretation of the dispersion relations involved is highly
desirable as a basis for the study of the superconductor
pairing mechanism, the quasiparticle properties (thermody-
namic), and the transport properties in HTSC. So far, the
origin of high-temperature superconductivity and the na-
ture of the bosons involved remains controversial mainly
because experiments can only be used to determine an ap-
proximate energy of the mode and this energy is close to
both the optical phonons [4, 6–10] and magnetic excitations
[11–16]. Related to this, the energy scales of the optical
phonons in the CuO2 planes are similar between electron
and hole doped cuprates, while the magnetic mode for elec-
tron doped HTSC is found to be much smaller [17, 18].
Along this line, S.R. Park et al. [19] have recently demon-
strated that the magnetic resonance mode cannot explain
the ARPES spectra in several electron doped HTSC sys-
tems showing a clear support for the electron–phonon cou-
pling.

Some additional facts related to the electron–phonon
pairing mechanism are to be mentioned. J. Graf et al. [7]
have recently reported the first evidence of an anomalous
dispersion of the Cu–O bond-stretching phonon mode in a
Bi cuprate, supporting the idea that strong electron energy
dispersion measured by ARPES corresponds to the Cu–O
bond-stretching phonon mode. On the other hand, consider-
ing that the magnetic resonance has not been detected in the
single layer Bi2201 [20], magnetic modes should be ruled
out as a general mechanism within a controllable theory
of strong correlations. Recently, focusing on the phonon-
coupling mechanism we have introduced a simple but real-
istic model built on the conventional Eliashberg strong cou-
pling theory that allows one to reproduce the appearance
of the ubiquitous nodal kink for a wide set of ARPES data
in several HTSC systems and at several doping levels [21].
Let us recall that the electronic properties of the HTSC are
strongly dependent on the doping level and therefore a sys-
tematic investigation of the ARPES spectra is due in order
to extract key features relevant to high-Tc superconductivity.
Along this line, La2−xSrxCuO4 (LSCO) appears as a highly
suitable system, as far as the hole concentration in the CuO2
planes is well controlled through the Sr content x and this al-
lows to range from the undoped insulator x = 0 to the heav-
ily overdoped metal (x ∼ 0.35) [22]. This has motivated the
choice of the LSCO system in a number of works [4, 6, 23].

In this paper, based on the above mentioned model [21]
we report on the evolution of the electron band energy dis-
persion. We systematically cover the entire doping range
for the LSCO system, determining the critical temperatures,
the ratio gap, and other related parameters as a function of
electron–phonon-coupling parameter “λ”.

The paper is organized as follows. In Sect. 2, we discuss
some details on the electron quasiparticle properties, the bo-
son spectral density, and the theoretical treatment to be used.

In Sect. 3 we present a systematic study of the influence of
the boson-coupling parameter λ on the electron quasiparticle
dispersions properties measured by ARPES. We will be fo-
cused on the nodal direction in LSCO at low energies. Then,
we analyze its influence on the critical temperature Tc, the
ratio gap 2∆0/kBTc, and the zero temperature gap ∆0. An
empirical equation is incorporated for determining λ from
the doping level which may be of interest to other works.
Finally, Sect. 4 is devoted to discussing our results. The rel-
evance of the electron–phonon-coupling mechanism for the
interpretation of the electron dynamics in HTSC will be con-
cluded. Comparison with recent published material will be
emphasized.

2 ARPES and the Electron–Phonon Coupling

Ordinary metals can be understood within the conventional
Fermi-liquid picture, where electron-like quasiparticles pop-
ulate bands in energy-momentum space up to the cut-off at
the Fermi energy. Lattice vibrations couple to electrons be-
cause displacements of atoms from their equilibrium posi-
tions alter the band dispersions, lowering or raising the total
electron quasiparticle energy. This phonon-mediated inter-
action between electrons, or electron–phonon coupling, has
been long identified as the pairing mechanism responsible
for superconductivity. In HTSC, on the contrary, it has been
suggested that other collective excitation modes mediate the
pairing since the superconducting transition temperature Tc

is much higher than those for conventional superconductors.
However, the recent observation of similar renormalization
effects in the quasiparticle energy dispersion of HTSC has
raised the hope that the mechanism of high-Tc superconduc-
tivity may finally be resolved [4–6, 19, 23].

The large impact of the ARPES technique on the many
body theories stems from the fact that ARPES measure-
ments provide a means of evaluating the quasiparticle self-
energy Σ(k,ω). In fact, the electronic structure of the ma-
terial under study can be inferred from measuring the in-
tensity of the photoemitted electrons as a function of their
kinetic energy and their emission angle when the so-called
sudden approximation is considered [21, 24, 25]. For more
details on the photoemission techniques, the reader is re-
ferred to Refs. [1, 5]. Here, we are focused on the (0,0)–
(π ,π ) direction in the Brillouin zone, known as nodal di-
rection in order to avoid the anisotropic character of the su-
perconducting gap beyond the s channel. In fact, it is well
established that in the nodal direction the d-wave supercon-
ducting gap is zero in all HTSC [4, 6, 10, 13, 15, 26]. On the
contrary, we recall that the antinodal direction denotes the
(0,π ) region in the Brillouin zone, where the d-wave su-
perconducting gap has a maximum [15]. Then, as related to
its ability for measuring Σ and avoiding the complications
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of the anisotropic superconducting gap, the ARPES exper-
iments provide a unique opportunity to further explore the
influence of the electron–phonon interaction on any relevant
energy scale present that will manifest itself in the quasi-
particle dynamics. In fact, in ARPES, the dressed electron
quasiparticle dispersion relation (Ek) can be related to the
bare band dispersion εk through the real part of the self-
energy by Ek = εk + ReΣ(Ek) [21]. In global terms, this
quantity characterizes the charge carriers as quasiparticles
that are formed when the electrons are dressed with exci-
tations. On the other hand, within the perturbative scheme
of the Migdal–Eliashberg theory for dealing with the strong
electron–phonon-coupling effects [27], the electron–phonon
interaction self-energy may be obtained from the real part of
the expression [28]
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valid for the whole range of temperatures T , frequencies ν,
and energies ω. Here, ψ(z) are the so-called digamma func-
tions with complex argument and α2F(ν) defines the impor-
tant electron–phonon spectral density which measures the
effectiveness of the phonons of frequency ν in the scattering
of electrons from any state to any other state on the Fermi
surface. The hypotheses supporting the approximations be-
hind this formula will not be discussed in detail here. In
brief, one is basically assuming that the relevant electronic
states for the process are close to the Fermi surface and they
are well described by the lowest order Feynman graph for
the electron–phonon interaction, as it has been more exten-
sively discussed in our previous works [21, 27].

As a manifestation of electron–phonon-coupling interac-
tion one introduces a mass renormalization in terms of the
electronic dispersion at the energy scale associated with the
phonons, i.e.: Ek ∼ εk/(1 + λ∗). On the other hand, the
strength of the interaction is also related to the so-called
boson-coupling parameter λ, which determines the super-
conducting transition temperature Tc . λ is commonly de-
fined from the electron–phonon spectral density by λ ≡
2
∫ ∞

0 dν α2F(ν)/ν. Here, we want to emphasize that this
quantity is not to be straightforwardly identified with the
mass-enhancement parameter λ∗ and a necessary distinction
between them is essential for the overall description of the
available ARPES data.

To avoid the intrinsic complexity in evaluating the ma-
trix elements of the electron–phonon interaction that deter-
mine the spectral density α2F(ν) from first principles, we
focused on auxiliary experimental data. Here, we will refer

Fig. 1 (Color online) Electron–phonon spectral density α2F(ν) of
LSCO. The black solid line corresponds to the method of Ref. [30]
and the red line (dashed) to the method of Ref. [29]

to an isotropic quasiparticle spectral density which can in
turn be interpreted as the product between the phonon den-
sity of states F(ν) to be calculated from INS experiments
at the phonon frequency ν, and the frequency-dependent
electron–phonon-coupling term α2(ν). In this sense, we sug-
gest the use of the spectral functions α2F(ν) determined
by Shiina and Nakamura [29] or independently by Islam
and Islam [30], both based on the INS experimental data
by Renker et al. [31] (see Fig. 1). Very similar results are
found under the use of any of these densities. In order to
avoid major complications over the determination of the
electron–phonon spectral density we have chosen the model
of Ref. [30] for two reasons: first, proper account has been
taken of the irregular shape of the spectral function, and sec-
ond, the sophisticated numerical solution of the Eliashberg
equations can be avoided. On the other hand, we should
comment that other choices of the spectral density where
the interaction mechanism has a magnetic origin are possi-
ble but have been left aside because it does not seem to have
a relevant character on the electron energy dispersion prop-
erties in LSCO. This issue will be reconsidered in our final
discussion.

We have found that the experimental slopes of
Re{Σ(k,ω)} at the low-energy kink give the electron–
phonon-coupling parameter λ to the first perturbation or-
der [21]. Then, the phonon interpretation receives strong
support from a direct comparison between photoemis-
sion measurements and INS data on LSCO (Fig. 2). As
the energy distribution and momentum distribution curves
(EDC/MDC) are two most popular ways in analyzing pho-
toemission data, the dichotomy between the MDC- and
EDC-derived bands from the same data raises critical ques-
tions about its origin and which one represents intrinsic band
structure. However, recalling the larger bandwidth along the
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Fig. 2 The renormalized electron quasiparticle energy dispersion Ek as a function of the momentum k −kF for several samples of La2−xSrxCuO4
measured along the (0,0)–(π ,π ) nodal direction at a temperature of 20 K. The doping level x ranges between 0.03 (top left) up to 0.30 (bottom
right). The experimental data (symbols) are taken from Ref. [4] and the theoretical curves (solid lines) have been obtained from the model
introduced in Ref. [21]

nodal direction, the MDC method can be reliably used to
extract high quality data of dispersion in searching for fine
structure. It has also been shown theoretically that this ap-
proach is reasonable in spite of the momentum-dependent
coupling if we are only interested in identifying the mode
energies [32]. In a typical Fermi-liquid picture, the MDC-
and EDC-derived dispersions are identical. Moreover, in an
electron–boson-coupling system, unless very close to the
kink region, the lower and higher energy parts of the MDC-
and EDC-derived dispersions are still consistent [8]. The
good agreement between our theoretical data and the exper-
imental fact is consistent with this general picture.

3 On the Influence of the Coupling Parameter

Assuming that the kink effect observed for different HTSCs,
over the entire doping range, and at different temperatures,

has a common origin, the coupling of quasiparticles with
phonons seems to be the only possible scenario [21]. There
are a number of experimental features in the ARPES mea-
surements that can be used to further check on the nature of
the low-energy excitation involved, such as the topology of
the energy- and momentum-dispersion curves. The key issue
is the existence of an energy scale. Our position in this paper
has been to obtain the bare electron band energy εk through
the systematic evaluation of the influence of the electron–
phonon-coupling parameter on the electron dressed band
energy Ek . We recall that εk is not directly available from
the experiments. Instead, the electron momentum-dispersion
curve Ek(k − kF ) may be measured from the ARPES exper-
iments. This fact, along with some ansatz for the ARPES
“bare” dispersion allows to obtain λ as a unique constrained
parameter that better fits the observed kink topology in a
particular sample [9, 11]. Nevertheless, the indiscriminate
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proposal of dispersion relations could considerably underes-
timate or overestimate the average renormalization because
implicit approximations are used [33]. Thus, based on an in-
terpolation scheme between the numerical behavior of the
dressed energy band and the experimental data, we intro-
duce the universal dispersion relation [21]

k − kF = εk

vF<

(1 − δλ), (2)

with vF< the Fermi velocity at low energies. Contrary to
the behavior at high-energy values, this limit of the Fermi
velocity is rather independent of the chemical structure
and doping levels within an experimental error of 20%
and it is obtained as the slope of the lower part of the
momentum-dispersion curve [4]. Thus, δ is the only “free”
parameter required for incorporating the specific renormal-
ization for a given superconductor. The physical meaning
of the δ parameter is straightforwardly determined by re-
calling that the mass-enhancement parameter [28] is de-
fined by λ∗

k ≡ −∂ωΣ1|ω=0. Thus, after some algebra, one
obtains δ = (λ∗/λ)/(1 + λ∗). To the lowest order, the di-
mensionless parameter δ is basically the ratio between the
mass-enhancement and phonon-coupling parameters, i.e.:
δ ≈ λ∗/λ. Outstandingly, it will be shown that this fact re-
assembles the differences obtained by tight-binding Hamil-
tonian models [29, 34] and the “density-functional” band
theories [9, 16]. As it will be seen below, predictions from
both types of models may be reconciled appealing to the dif-
ferences between λ and λ∗ (Table 1). Thus, from our view,
the coupling coefficient calculated from the DFT self-energy
must be basically identified to λ∗, instead of the electron–
phonon coupling λ, involved in the standard Migdal formal-
ism analysis of experiments [21]. Recall that, in principle,
the DFT gives a correct ground state energy, but the bands
do not necessarily fit the quasiparticle band structure used to
describe the low-lying excitations [9].

In Fig. 3 we show the singular features involved within
the bare electron band energy curves [Ek(εk)] and the renor-
malized dressed electron band energies [Ek(k − kF )]. One
can observe a structure in the renormalized quasiparticle en-
ergy Ek ranging up to roughly 80 meV. In fact, the bands
rapidly approach EF from high-binding energy and sud-
denly bend at 40–80 meV, showing the kink topology de-
scribed in the ARPES experiments. Here, we also recall
some anomaly within the dispersion of the lines around
λ = 1.75 revealing the existence of a maximal peak in the
MDC along the nodal direction.

For quantitative purposes, here, we have considered
vF< = 2 eV·Å as related to the experimental results of
Refs. [4–6, 10]. On the other hand, the best fit of the whole
set of experimental data has been obtained for δ = 0.185
(Fig. 2), and the derived λ∗ values to first perturbation
order are shown in Table 1. The evolution of the λ pa-
rameter as a function of the doping level is shown in

Table 1 Electron–phonon-coupling parameter λ and the correspond-
ing mass-enhancement parameter λ∗ obtained from the analysis of
ARPES data at several doping levels x of LSCO (see Fig. 2). λ∗ has
been obtained to the lowest order approximation λ∗ ≈ δλ (in this case
δ = 0.185), and the critical temperatures from the McMillan’s formula
[35]. Our results are presented in contrast with other models available
in the literature

x Ref. λ λ∗ Tc(λ) [K]

0.03 Thisa 3.30 0.61 –

0.05 2.90 0.54 –

0.063 2.80 0.52 –

0.075 2.70 0.50 –

0.10 2.20 0.41 42.10

0.12 2.10 0.39 40.77

0.15 1.90 0.35 37.83

0.18 1.80 0.33 36.19

0.22 1.50 0.28 30.47

0.30 1.30 0.24 –

0.1–0.2 [34]b 2–2.5 – 30–40

– [29]b 1.78 – 40.6

0.15 [16]c 1–1.32 0.14–0.22 –

0.22 [16]c 0.75–0.99 0.14–0.20 –

aWe allow a margin of error in λ of ∼ ±0.3 as related to the numerical
interpolation procedure between theory and experiment
bThe λ values reported in that reference were obtained so as to fit Tc at
the indicated values
cIn Ref. [16] the electronic structure of LSCO has been calculated em-
ploying a generalized gradient approximation to density functional the-
ory and used to determine λ

Fig. 4. Taking advantage of the widespread availability of
experimental data in LSCO system one can fit the data
to the simple expression λ = 2ω̃ exp(− ω̃

δ ) + 1, within a
precision factor around of 95%. ω̃ is the ratio between
the phonon characteristic energies introduced by McMil-
lan [35], ω1 = (2/λ)

∫ ∞
0 α2F(ν) dν ≡ (2/λ)S, and Allen

and Dynes [36], ωlog ≡ exp{(2/λ)
∫ ∞

0 ln(ν)[α2F(ν)/ν]dν},
i.e., ω̃=ω1/ωlog. We get ωLSCO

log ≃ 16.1455 meV and

ωLSCO
1 ≃ 25.2627 meV. We want to clarify that, although

this equation can be considered as just a useful relation be-
tween the physical and chemical properties of LSCO sys-
tem, the shaping of other HTSC by similar expressions can-
not be guaranteed. Regarding the critical temperatures, it
must be emphasized that for the LSCO system, the λ-values
obtained from our model [21] allow to explain the observed
superconducting temperatures Tc [37–39]. This can be done
either by using the McMillan formula [35] or in a more
general way, by solving the Eliashberg equations [29]. Nev-
ertheless, we want to give clarity on how these facts have to
be interpreted with the purpose of recalling that several dis-
crepancies could be emerge depending on the formula used
for obtaining Tc .
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Fig. 3 (Color online) The
renormalized energy Ek as a
function of the bare band energy
(top) and momentum k − kF

(bottom) for the nodal
dispersion in LSCO. The upper
panel curves have been obtained
by using Eq. 1 and the EPI
spectral density α2F(ω) that
comes from the method of the
Ref. [30] (Fig. 1). The lower
panel has been produced
starting from our
renormalization formula (Eq. 2)
that re-adjusts the
momentum-dispersion curves.
The curves are labeled
according to the e-ph coupling
parameter “λ” between the bare
dispersion λ = 0.0 (straight
line) and about λ = 4.0. All the
results are at a common
temperature T = 20 K

Fig. 4 (Color online) Evolution of the e-ph coupling parameter λ as a
function of the dopant content in La2−xSrxCu4 samples. The λ-values
have been obtained from our best adjustment with the nodal kink dis-
persion (black squares) showed in the Fig. 2. Correspondingly, the evo-
lution of the area S as a function of the dopant content is also shown
(right scale)

Let us go into some more detail. From the above discus-
sion, it can be concluded that, the critical temperature Tc

should be not considered as a fit parameter for adjusting

the theory, i.e.: one should not predict λ from the approx-
imate Tc formulas and then use it for calculating the elec-
tron self-energy. In fact, this attractive idea has led to un-
fortunate underestimates of the phonon contribution to the
photoemission kink in HTSC [16, 42]. Related to this, we
show the comparison of the results obtained from several
popular expressions. Thus, in Fig. 5 we show the depen-
dencies for the critical temperatures Tc , the so-called ratio
gap 2∆0/kBTc and the zero temperature gap ∆0, based on
three different formulations: (i) the celebrated McMillan’s
equation [35], Tc = (ω1/1.2) exp[−1.04(1+λ)/(λ−µ∗(1+
0.62λ))], (ii) the Allen and Dynes formula [36] which is ob-
tained by replacing ω1 by ωlog, and (iii) the less conventional
Kresin’s formula [40, 41] Tc = 0.25ϖ exp(2/λeff − 1)−1/2

where ϖ = [(2/λ)
∫ ∞

0 να2F(ν) dν]1/2 and, λeff = (λ −
µ∗)[1 + 2µ∗ + (3/2)λµ∗ exp(−0.28λ)]. The Coulomb’s
pseudopotential was given a typical value [28], µ∗ = 0.13.
The ratio gap has been calculated by using the expression
2∆0/kBTc = 3.53[1 + 12.5(Tc/ωlog)

2ln(ωlog/2Tc)]. Then,
from Fig. 5, is concluded that the use of an arbitrary ap-
proximative formula to determine the coupling parameter λ

from Tc could lead to strong under or overestimates of the
strength of the boson-coupling mode mediated pairing in-
teraction in a HTSC. To our knowledge, the most suitable
way for determining the influence of an interaction mecha-
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Fig. 5 (Color online) Plot of the critical temperatures Tc (top) for the
LSCO from the Kresin’s formula [40, 41] (blue solid line), McMil-
lan’s formula [35] (red dashed line), and the Allen-Dynes formula [36]
(black dotted line). The different curves have been represented as func-
tions of the electron–phonon-coupling parameter λ (left) and the area
S (right). Corresponding to it the gap ratio 2∆0/kBTc (middle) and the
gap ∆0 (bottom) are shown

nism in the pair formation for HTSC could be (i) to evalu-
ate the strength of the boson-coupling mode from the elec-
tron renormalization effects and then (ii) solve the Eliash-
berg equations for the superconducting Tc. A semiempiri-
cal approach has been introduced in this paper by using the
celebrated equations for Tc(λ) referred above. From such
analysis, we conclude that the consideration of the electron–
phonon interaction in LSCO strongly suggests that the high
Tc values can be caused by conventional electron–phonon
coupling, in agreement with the conclusion of Weber [34].

More work is necessary for establishing the relative im-
portance of the boson contributions (phonons, spin fluctua-
tions, etc.) on the electron band renormalization effects and
their influence on the high superconducting temperatures for
other copper oxides [7–9, 11–14, 19, 21, 23, 43, 44].

As a further detail, very recent efforts have been focused
on the high-energy part of the ARPES data (0.2–1.5 eV) re-
vealing additional changes in the electron energy dispersion
“waterfalls” at ∼0.4 eV [7, 8, 12, 23, 43]. The presence of
a kink at these high energies immediately raises the ques-
tion: what type of excitation spectrum is required to produce
such renormalization effect? One possibility is that correla-
tion effects at high orders strongly renormalize the electron–

phonon coupling [21]. Nevertheless, these high-energy fea-
tures remain under intense debate [7, 8, 12, 23, 43, 45, 46]
because it is still unclear whether they represent intrinsic
band structure or not [8].

Related to the limitations introduced by the use of the
electron–phonon-coupling parameter, one should mention
that, long before the advent of the high temperature super-
conductivity, Ashcroft and Wilkins [47] showed that in some
simple metals the single parameter λ is insufficient to deter-
mine a number of thermodynamic properties such as the spe-
cific heat. Therefore, it is not surprising that similar anom-
alies may appear in the HTSC. The clarification of these is-
sues is important in establishing a basic theoretical frame-
work to describe strongly correlated electron systems like
HTSC, in probing electron dynamics by extracting electron
self-energy, and in unraveling possible new physics.

4 Conclusions

In summary, although the role of electron–phonon coupling
for high-Tc superconductivity is unclear yet, our results sug-
gest that at least in LSCO compounds the electron–phonon
interaction is the most relevant mechanism involved in the
pairs formation that leads at the superconductivity. Our con-
clusion is supported by the experimental evidence of a mass
renormalization of the electronic dispersion curves mea-
sured along the nodal direction in ARPES and the reported
Tc values that are in good agreement with our theoretical
predictions. A excellent comparison between the theory and
the available collection of experiments is achieved. More-
over, we have shown that the maximal value expected for
the critical temperature (Tc ∼ 40 K) is predicted within our
model, in which the difficulties imposed by the anisotropic
character of the gap function can be avoided. Thus, it is
beyond any doubt that the phonon-coupling mode strongly
influences the electron dynamics in the high-Tc supercon-
ductors, and it is an important mechanism linked with the
Fermi surface topology. Then, the electron–phonon interac-
tion (strong or weak) must be included in any realistic mi-
croscopic theory of superconductivity.

On the other hand, with the aim to predict the high-Tc

observed in other materials, we want to mention that the en-
hancement of the electron correlations involved in the cou-
pling to bond-stretching phonons as well as other possible
coupling modes are not discarded. Moreover, although in
the LSCO system the influence of the magnetic mode seems
not relevant, it is not possible ignore its importance over the
electron properties of other HTSC families [21]. In fact, the
recent observation by G. Yu et al. [48] of a connection be-
tween the magnetic excitations and the superconductor gap
for a wide range of materials seems indicate that it could
also play an important role on the superconducting pair for-
mation.
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