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Theoretical studies available in the literature suggest that the compound YH10 is a promising can-
didate for a high-temperature superconductor with a phase transition temperature TC close to room
temperature. Numerical solutions of the classical Eliashberg equations at 250 GPa led to the critical
temperature of about TC = 326 K. As expected, YH10 belongs to the group of superconductors with
strong electron–phonon coupling, similar to others with TC above 200 K, for example, H3S, LaH10,
or YH6. In 2018, a series of experiments were conducted, and the experimental verifications confirming
the existence of a high-temperature superconducting state in LaH10 turned out to be groundbreaking.
At the time, it seemed that such confirmation concerning YH10 would come very quickly. Unfortu-
nately, so far there have been no successful experimental measurements on the high-temperature YH10

superconducting phase. The aim of this work is to show the effect of the vertex corrections to the
electron–phonon interaction on the value of the critical temperature of YH10 at 250 GPa. Thus, it was
shown that by including more complex equations into the calculations (the formalism of Eliashberg
equations with the vertex corrections), the estimated value of the metal-superconductor phase transi-
tion temperature lowers significantly to TC = 245.75 K. Furthermore, we point out that the influence
of temperature on the effective electron mass exhibits a similar tendency as that concerning the LaH10

superconductor we studied earlier.
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1. Introduction

In recent years, both theoretical and experimen-
tal research has been intensively carried out in or-
der to discover a material that will exhibit super-
conducting properties at room temperature and at
a pressure acceptable from the point of view of prac-
tical applications. Currently, hydrogen-rich systems
are of great interest. Many experiments are per-
formed, and some of them are showing promising
results [1–7]. The possibility of the existence of a su-
perconducting state in this type of compounds was
first pointed out by Ashcroft in his paper published
in Phys. Rev. Lett. in May 2004 [8]. The author
suggested that hydrogen-rich compounds may ex-
hibit the properties of high-temperature supercon-
ductors. In addition, he noted that the achievement
of metallic states should occur at pressures much
lower than necessary for hydrogen itself (in 1968
he predicted the existence of a high-temperature
superconducting state in metallic hydrogen un-
der the influence of pressure above 60 GPa [9]).
Although more than a century has passed since
Kamerlingh Onnes discovered the phenomenon of
superconductivity [10], today we know that there

is still no reliable experimental data confirming the
existence of a superconducting state in pure hydro-
gen. There are also studies that exclude the pos-
sibility of induction of a superconducting phase in
hydrogen with a transition temperature comparable
to room temperature [11]. In turn, it was not until
2020 that scientists at Rochester University in New
York announced that they had successfully obtained
a hydrogen-rich superconductor at a temperature of
287.7± 1.2 K under a pressure of 267± 10 GPa [6].
Obtaining superconductivity in the carbon–sulfur–
hydrogen system at such a high temperature is un-
doubtedly a great success. However, the results of
the experiment, published in the journal Nature [6],
show the need to keep the material under very high
pressure.

It is worth mentioning that theoretical studies
previously carried out by other scientists suggest
that the compound YH10, which is the main sub-
ject of this publication, is a promising candidate for
a high-temperature superconductor with a phase
transition temperature TC close to room temper-
ature. According to estimates based on solutions
of classical Eliashberg equations (CEE) [12] carried
out by Liu et al., TC ∈ 305–326 K at 250 GPa [13].
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The value of the given critical temperature depends
on the adopted value of the Coulomb pseudopoten-
tial, 0.13 or 0.1, respectively. The Heil’s group re-
ported a slightly lower temperature of TC = 310 K
at 300 GPa [14]. Meanwhile, the results of other
research groups suggest that for YH10 the critical
temperature is only 250 K, but at an even higher
pressure 425 GPa [15]. Following the groundbreak-
ing experimental verifications done in 2018 confirm-
ing the existence of a high-temperature supercon-
ducting state in a system formed by the combina-
tion of hydrogen and lanthanum (LaH10), it seemed
that such confirmation for YH10 should come very
quickly. However, only TC = 224 K for YH6 [5] and
TC = 262 K for YH9 [7] have been confirmed so far
in 2020. It should be noted that the value of TC for
YH6 is unexpectedly lower than the previous theo-
retically predicted value — in 2014, the team of Li et
al. suggested TC of 251–264 K at 120 GPa [16], and
in 2019 the team of Heil et al. predicted TC = 290 K
at 300 GPa [14].

The aim of this work is to show the ef-
fect of the vertex corrections to the electron–
phonon interaction on the value of the critical
temperature of YH10 subjected to the pressure
of 250 GPa. The continued lack of experimental re-
sults suggests that such extensive research should be
carried out.

2. Results and discussion

When analyzing the results obtained from the cal-
culations carried out by Liu et al. [13], it can be
concluded that YH10 belongs to the group of super-
conductors for which strong electron–phonon cou-
pling is present, as in H3S, LaH10, and YH6. The
value of the electron–phonon coupling constant for
YH10 is 2.56 [13]. Although yttrium is a lighter el-
ement than lanthanum, both have the same elec-
tron configuration on the valence shell. According
to the study by Liu and coworkers [13], YH10 con-
forms to the same structure in a pressure range as
LaH10. Additionally, these researchers predict the
energetic phase stability of the compound YH10

from 250 to 300 GPa. Due to the above in this
paper for YH10, the computational methods suc-
cessfully used to analyze the thermodynamic pa-
rameters of the LaH10 superconductor were used.
So far, the influence of the vertex corrections of
the electron–phonon interaction on the properties of
the superconducting state has not been fully deter-
mined. Therefore, we discuss the importance of ver-
tex corrections to the electron–phonon interaction
for a promising candidate for a high-temperature
superconductor, like YH10. The most interesting
case from the point of view of the height of the esti-
mated critical temperature was chosen, namely the
system subjected to the pressure of p = 250 GPa.
So far, the literature on this subject has not pre-
sented such results for the system with stoichiome-
try YH10.

Fig. 1. The dependence of the order parameter on
temperature of YH10. The influence of the temper-
ature on the value of effective electron mass to the
band electron mass ratio is depicted in the inset.

In these calculations, we use the equations of
Frericks et al. [17], which are a generalization of
Eliashberg equations included lowest-order vertex
correction — the scheme VCEE (vertex corrected
Eliashberg equations). In particular, the following
values of input parameters were adopted for further
calculations: λ = 2.56, µ? = 0.1, ω0 = 100 meV, and
ΩC = 1 eV. The quantity λ is the electron–phonon
coupling constant, µ? — Coulomb pseudopotential,
ω0 denotes the characteristic phonon frequency, and
ΩC represents the cut-off frequency. The function

µ?(ωm) = µ? θ
(
ΩC − |ωm|

)
(1)

models the repulsion between electrons, θ is the
Heaviside function. The pairing kernel is defined by

K (ωn−ωm) =
Ω2

C

(ωn−ωm)
2

+ Ω2
C

λ. (2)

Eliashberg’s equations were solved numerically for
a sufficiently large number of Matsubara frequen-
cies. The stable solutions of Eliashberg equations
were obtained for T ≥ T0=15 K. Based on the ana-
lytical continuation method [18] and the solutions of
Eliashberg equations on the imaginary axis, we de-
termined the order parameter function on the real
axis ∆(ω), which in turn allowed us to determine
the physical values of the order parameter were de-
termined according to the formula

∆ (T ) = Re
[
∆
(
ω = ∆ (T )

)]
. (3)

The full dependence of the order parameter on tem-
perature depicts Fig. 1. In the inset, the tempera-
ture dependence ofm∗

e/me is presented. The symbol
m∗

e represents the effective mass of the electron and
me means the electron band mass. For the VCEE
scheme, the value of this ratio can be estimated
from

m∗
e

me
= Zn=1(T ), (4)
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where Zn = Z(iωn) represents the wave function
renormalization factor, which describes the renor-
malization of the thermodynamic parameters of the
superconducting state by the electron–phonon in-
teraction. The symbol ωn is the Matsubara fre-
quency as defined by

ωn = πkBT
(
2n+ 1

)
, (5)

where kB is the Boltzmann constant and n is the
integer.

The thermodynamics of the superconducting
state of the tested system fully determines the de-
pendence of the order parameter on temperature.
In Fig. 1, the spheres represent numerical results.
The line, on the other hand, is responsible for the
analytical solution obtained on the basis of

∆ (T ) = ∆ (T0)

√
1−

(
T
TC

)Γ
, (6)

where parameter Γ is 1.6, ∆(T0) = 54.213 meV.
As we have shown in the range of analyzed tem-
peratures, vertex corrections affect the values of
the order parameter defined as the quotient of
φn and Zn (φn is the order parameter function),
where the function ∆(T ) ' 0 we expect a metal-
superconductor phase transition. It can be easily
seen that the value of the estimated critical temper-
ature for YH10 in the VCEE scheme is close to 250 K
(245.75 K exactly), which is much lower than that
in CEE scheme at the same value of the Coulomb
pseudopotential. This result suggests that the inclu-
sion of more complex equations in the calculations
has a significant impact on the estimated value of
the metal-superconductor phase transition temper-
ature. This in turn indicates that the tested system
will unfortunately not be a superconductor with
TC comparable to room temperature. As shown by
Liu et al. [13], taking into account the higher value
of the Coulomb pseudopotential in the calculations
does not benefit the critical temperature value. We
came to the same conclusion by analyzing the re-
sults obtained from numerical solutions of the classi-
cal Eliashberg equations for the YH6 system, where
increasing µ? from 0.1 to 0.1226 led to a decrease
in TC from 236.8 to 224 K [19].

By analyzing the data presented in the inset
in Fig. 1, it seems that the vertex corrections to
electron–phonon interaction have a significant im-
pact on the value of the effective mass of the
electron. One can see that [m?

e]T0=3.085me and
[m?

e]TC
=2.466me. Summing up, we believe that ver-

tex corrections noticeably lower the value of m?
e

(the ratio m?
e/me decreases with increasing tem-

perature). Moreover, let us note that the influence
of temperature on the effective mass of the elec-
tron shows a similar tendency as in the case of the
LaH10 superconductor, previously studied in [19]. It
should be emphasized that the results obtained for
LaH10 were based on experimental measurements.
Both these systems, YH10 and LaH10, have a com-
parable structure, so it can be concluded that the
results obtained in this paper are reliable.

3. Conclusions

To summarize, the system YH10 is a good mate-
rial for a potential candidate of a high-temperature
superconductor characterized by a high value of
the electron–phonon coupling constant. It should be
noted that, in fact, all hydrogen-rich compounds, in
which the existence of a superconducting phase has
been experimentally confirmed and for which TC
exceeds 200 K, are characterized by a high value of
the electron–phonon coupling constant.

The presented numerical calculations show that
the compound YH10 does not belong to the group of
superconductors with a value of TC comparable to
room temperature. From the discussion in Sect. 2
it follows that the thermodynamic properties of
YH10 can be correctly reproduced within the Eliash-
berg formalism in the VCEE scheme. In particular,
it was shown that the inclusion of more complex
equations than the CEE scheme in the calculations
has a significant effect on the estimated value of
the metal-superconductor phase transition temper-
ature. The calculations previously performed by Liu
et al. [13], based on the classical Eliashberg equa-
tions greatly overestimate the value of the criti-
cal temperature for the YH10 system subjected to
a pressure of 250 GPa. For the analyzed system,
based on the results obtained in the framework of
VCEE, it can be predicted that the value of TC
is close to 250 K (245.75 K to be exact). Further-
more, it has been shown in this paper that the ver-
tex corrections to the electron–phonon interaction
have a significant impact on the value of the effec-
tive mass of electron, i.e., these corrections notice-
ably lower the value of the m?

e. The m?
e/me ratio

has the highest value for the temperature T0 and
the lowest at the critical temperature TC . More-
over, it should be emphasized that the influence of
temperature on the effective electron mass exhibits
a similar tendency as in the case of the LaH10 su-
perconductor with similar stoichiometry, which we
studied earlier [19].
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