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Abstract

Recently, Troyan et al (2019 arXiv:1908.01534) and Kong et al (2019 arXiv:1909.10482)
extended near-room-temperature superconductors family by new yttrium superhydride
polymorphs, YH, (n = 4,6,7,9), which exhibit superconducting transition temperatures in the
range of Tc = 210-243 K at pressure of P = 160-255 GPa. In this paper, temperature
dependent upper critical field data, Bc2(T), for highly-compressed mixture of YH4+YHs
phases (reported by Kong et al 2019 arXiv:1909.10482) is analysed to deduce the ratio of T
to the Fermi temperature, Tr. Our analysis shows that in all considered scenarios the
YHas+YHe mixture has the ratio 0.01 < T¢/Tr < 0.04. As the result, YHs+YHe falls in the
unconventional superconductors band in the Uemura plot. It is also found that the
characteristic temperature of the order parameter amplitude fluctuations, Tyc, in the
YHas+YHes mixture is only several percent above observed T, and thus the superconducting
transition in yttrium superhydride polymorphs is fundamentally limited by thermodynamics

fluctuations.

© 2019 by the author(s). Distributed under a Creative Commons CC BY license.


mailto:evgeny.talantsev@imp.uran.ru
https://doi.org/10.20944/preprints201912.0313.v1
http://creativecommons.org/licenses/by/4.0/

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 24 December 2019 d0i:10.20944/preprints201912.0313.v1

l. Introduction

Recently, Troyan et al [1] and Kong et al [2] reported on the discovery of new
superhydride polymorphs of yttrium, YHs (n = 4,6,7,9), which exhibit superconducting
transition at T¢ = 210-243 K to be subjected to pressure of P = 160-255 GPa. As far as pure
hydrogen, pressurized to P = 440 GPa, does not show any evidences for superconducting
transition down to T = 4.2 K [3], the near-room-temperature (NRT) hydrogen-rich
superconductors family [4],[5],[6],[7] has been extended by new YH, polymorphs [1],[2].
Kong et al [2] attribute the highest observed T, = 237-243 K for P63/mmc-YHg phase, and
this experimental findings are well supported by the first principles calculation studies
[81.[9].[101.[11].

In this paper we analyse temperature dependent upper critical field data, Bco(T) (reported
by Kong et al [2] for the mixture of YH4+YHs phases) with the purpose to classify the
superconductivity in this NRT superconductor and to deduce the characteristic temperature of

thermodynamic fluctuations, Ty, in this highly-compressed superhydride of yttrium.

1. Ground state coherence length

Kong et al [2] in their Figure 1(d) reported the temperature dependent magnetoresistance,
R(T,B), for Sample 5 pressurised at P = 185 GPa, which contents the mixture of YH4+YHe
phases (Tc ~ 214 K). By utilising the criterion of 75% of normal state resistance, R(T)/Rnorm =
0.75, we deduce the upper critical field, Bc2(T), dataset and fit it to four models:

1. Gorter-Casimir model (GC model, Fig. 1(a)) [12]:

Beo(T) = oo (1 - (Tl)z) , (1)

where ¢, = 2.068 - 101> Wb is magnetic flux quantum.

2. Gorkov model (Fig. 1(b)) [13]:
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2:1:¢2(0) 1.77

B.,(T) = g0 (1.77—0.43-(%)2+o.o7-(T1C)4> . [1 B (Tlc)z]’ @

3. Werthamer-Helfand-Hohenberg model (WHH model, (Fig. 1(c)) [14]:

dBey (1)
B,,(0) = Z_Nf’;‘;(o) = —0.693-TC-( e )T~T, 3)

4. Baumgartner et al model (B-WHH model, Fig. 1(c)) [15]:

o .<(1—Tlc)—o.153-(1—%)2—0.152-(1—%)4>

Be,(T) = (4)

2-m-£2(0) 0.693

Result of fits to these four models are shown in Fig. 1 and Table 1.
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Figure 1. Superconducting upper critical field, Bc2(T), data and fits to four models (Egs. 1-4)
for YH4+YHs mixture (Sample 5 [2]) compressed at pressure of P = 186 GPa. (a) fitto GC
model, the fit quality is R = 0.982. (b) fit to Gor’kov model, R = 0.981. (c) fit to WHH and B-
WHH models, for latter R = 0.981. 95% confidence bars are shown.
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Table I. Deduced and calculated parameters for the mixture of YH4+YHs compressed at P =
186 GPa (Sample 5 [2]). Deduced critical temperature for all models (Egs. 1-4) is T = 217
K. Assumed charge effective mass is m,¢r = 2.76 - m,, [11]. Smallest and largest values for

T, T, T, .
— < and < are marked in bold.
Tfluc,amp

1
Tr Tfluc,phase

Model Deduced [§f Assumed Assumed Thucphase Thucamp To/ Tiuc phase Tol Thiuc,amp

&(0) (nm) 240 K (K) (K)

kp'T,

60 3750 + 190 1010 + 0.058 £0.003 | 0.22+0.01

GC 1.8+0.1 55
120 940 £ 50 252 +13 0.23+0.01 0.86 £ 0.05
60 3970 + 220 1070 + 0.055+0.003 | 0.20+0.02

Gor’kov 1.7+0.1 60
120 994 + 45 267 £ 15 0.22+0.01 0.81 £ 0.05
60 4220 + 250 1130 = 0.051+0.005 | 0.19+0.01

B-WHH 16+0.1 60
120 1060 + 65 284 + 17 0.21+0.01 0.77 £0.04

YH4+YHs mixture in Uemura plot

From deduced &(0) values (Fig. 1 and Table 1), we calculated the Fermi temperature, Tr,

for YHs+YHs mixture by utilising standard approach of Bardeen-Cooper-Schrieffer theory

[16] (details can be find elsewhere [17]):

2 2
Tp = =T myg - £20) - (252%) 5)
where a = zk'A(;)), A(0) is the amplitude of the ground state energy gap, & is the Fermi energy,
B'lc

h =h/2r is reduced Planck constant, kg is the Boltzmann constant, m,( is the charge carrier

effective mass (mg., = 2.73 - m, for YHe at P = 200-350 GPa [11]).

For NRT superconductors o = 3.53-5.47, where the lower bound is reported for HzS

[17,18] and the upper bond reported for YHx [1]. Based on the fact that critical temperatures

for YHs+YHs mixture deduced by all four models are very close to each other, T =217.1 £

0.4 K, in Table I we show only the T¢/Tr ratios.
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As the result, the mixture of YHs+YHs (P = 185 GPa) in all considered scenarios (Table

1) has 0.01 < T¢/Tr < 0.04 and falls in unconventional superconductors band of the Uemura

plot [19,20] in close proximity to other NRT counterparts [17],[21],[22] (Fig. 2).
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Figure 2. A plot of T¢ versus Tr obtained for most representative superconducting families
including PdHy, ThsH1s/ThaD1s, ThHe, ThH10, H3S, LaH1o, and the YH4+YHe mixture
(Sample 5 [2]). Other data was taken from [17],[19-22]. BEC and BCS lines are shown for

clarity.

V.

Thermodynamic fluctuations of order parameters of YH4+YHs mixture

Both research groups [1,2] pointed out that experimental T values for YHx superhydrides

are about 40-50 K lower than values predicted by the first principles calculations. One

possible reason for observed T suppression can be originated by thermodynamic fluctuations
of the order parameter [23,24]. There are two characteristic temperatures for thermodynamic

fluctuations in superconductors, one is the phase order fluctuations temperature [23]:
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_ _055¢F 1
Tfluc,phase _n3/2‘#0'k3 x2-£(0) (6)

where k = A(0)/§(0) is Ginzburg-Landau parameter, and A(0) is the ground state London
penetration depth.
The second is the characteristic temperature for the amplitude order parameter

fluctuations [24]:

T - _% . _1 ()
fluc,amp 12-mpo kg Kk2-E(0)

Calculated values for Triyc phase and Ttiuc,amp are shown in Table I, where the value of k =
60-120 covers expected range for majority of high-temperature superconductors
[17],[21],[25,26]. It can be seen, that in some scenarios Te/Tfiucamp ~ 0.9, which means that
observed in experiment the suppression in T for the YHa+YHes mixture of superhydrides can

be explained by fundamental thermodynamic fluctuations.

V. Results

In result, in this paper the mixture of NRT superconductors YH4+YHs has been classified
as unconventional superconductor which is nicely matched the location of other NRT
superhydrides in the Uemura plot. It is also shown the thermodynamic fluctuations of the
order parameter amplitude is dominating factor which limits superconducting transition

temperature in superhydrides of yttrium.
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