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At present, hydrides are considered as a one of the most interesting high-temperature superconductors with

the classical electron-phonon pairing mechanism.

In the present paper, we have analyzed the dependence of

the thermodynamic critical magnetic field (H.) on the temperature for the chlorine halide superconductor. The
calculations have been made in the framework of the Eliashberg formalism for the following pressure values:
p1 = 320 GPa and p; = 360 GPa. We have shown that H. increases strongly with the increase of the pressure:
[H:(0)]ps/[He(0)]p, = 1.43. Furthermore, the dimensionless ratio: Ry = T.CN(T.)/H?(0), where T. and CV
denote the critical temperature and the specific heat of the normal state, differs from the value predicted by the
Bardeen-Cooper-Schrieffer theory. In particular: [Ry]p, = 0.166 and [Ru]p, = 0.158.
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In recent years, hydrides have gained much attention
as possible pressure-induced high-temperature supercon-
ductors with the conventional electron-phonon pairing
mechanism [1, 2]. This interest stems from the fact that,
in hydrides, it is theoretically possible to obtain a high
critical temperature (7.) at the pressure (p) which is
much lower than the metallization pressure (~ 400 GPa)
for the pure metallic hydrogen [3, 4]. In certain cases,
like for example in the case of SigHg, the critical tem-
perature is expected, on the basis of the theoretical cal-
culations [5], to be as high as 173 K at p = 275 GPa.
Please note that this value of T¢ is even higher than for
the cuprate superconductor HgBayCasCusOgy,, where
the maximal critical temperature is equal to 164 K at
p = 31 GPa [6]. Thus, it is important to examine the
promising superconducting properties of such hydrogen
compounds.

In the presented work, we have studied the dependence
of the thermodynamic critical magnetic field (H¢) on the
temperature for the chlorine halide (HCl) superconduc-
tor. Despite of the fact that HCI contains a smaller num-
ber of the H atoms than the hydrogen-rich materials, the
hitherto determined superconducting properties of this
material are promising [7].

The analysis of the HCl compound (within the P2;/m
crystal structure) has been carried out for the pressure
values p; = 320 GPa and p; = 360 GPa. In the con-
sidered cases, the electron-phonon coupling constants
(M) are beyond the weak-coupling limit (A > 0.3 [§]):
Ap, = 0.68 and \,, = 0.78. For this reason, the numer-
ical calculations have been conducted in the framework
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of the Eliashberg formalism [9].

In the paper, we have assumed that the electron-
phonon interaction is modeled by the Eliashberg func-
tions originally calculated in [7], whereas the Coulomb
pseudopotential (u*) takes a typical value of 0.1.

The critical magnetic field at a given temperature can
be calculated by using the expression (the CGS unit sys-
tem) [9]:
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where p(0) stands for the value of the electron density of
states at the Fermi level, and AF' denotes the free energy
difference between the normal and the superconducting
state. The latter one can be calculated as follows:
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The parameter § is given by: 8 = 1/kgT, where kp is
the Boltzmann constant. The index M limits the number
of the Matsubara frequencies: w,, = %(2m —1). The

symbol A,, is the order parameter, whereas Z2 and ZN
denote the wave function renormalization factors for the
superconducting and the normal state, respectively.

The order parameter and the renormalization func-
tions have been determined by solving the imaginary axis
Eliashberg equations [9]. These complicated calculations
have been made by using the iterative methods presented
in the papers [10] and [11]. In the considered case, we
have assumed that M = 1100, in order to ensure the
stability of the numerical solutions for T' > T = 5 K.

In the bottom panel of Fig. 1, we have presented
the dependence of AF/p(0) on the temperature for the
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considered values of the pressure. It has been ob-
served that together with the increase of p the abso-
lute values of the free energy difference strongly increase.
This fact can be easily described by the following ratio:
[AF(0)]p, /[AF(0)],, = 2.06, where AF(0) = AF(Tp).
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Fig. 1. The dependence of AF/p(0) (bottom panel)
and H./p(0)'/? (upper panel) on the temperature. The
results have been presented for two pressure values:
p1 = 320 GPa (open symbols) and p2 = 360 GPa (solid
symbols).

The upper panel of Fig. 1 presents the determined de-
pendence of H./p(0)'/? on the temperature. It has been
shown that the values of the critical magnetic field in-
crease together with the increase of the pressure. This
trend is described by: [H.(0)]p,/[H:(0)]p, = 1.43, where
H.(0) = H.(Tp).
Next, we have calculated the dimensionless ratio:
_ TCM(T)
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where the values of the critical temperature for the
pressures p; and py are equal to 30.6 K and 42.5 K,
respectively. The symbol CV denotes the specific heat
of the normal state:

cN(T) v
= 7 (4)

ksp(0) B
where the Sommerfeld constant is given by:

v =2n2(1+A).

In the considered case, the numerical calculations have
provided the following results: [Rpgl],, = 0.166 and
[Rulp, = 0.158. It can be observed that the values of
Ry differ from the prediction of the Bardeen-Cooper-
Schrieffer theory (BCS), where Ry is equal to 0.168
[12, 13]. Therefore, the above fact indicates that the crit-
ical magnetic field for the HCl compound cannot be prop-

erly calculated in the framework of the weak-coupling
BCS formalism.

In summary, we have determined the form of the func-
tion H.(T) for the HCl superconductor. The follow-
ing pressure values have been taken into consideration:
320 GPa and 360 GPa. The numerical calculations have
been conducted in the framework of the Eliashberg for-
malism. We have shown that the values of the criti-
cal magnetic field increase with the increasing pressure:
[H:(0)]p,/[Hc(0)]p, = 1.43. Moreover, the dimensionless
ratio Ry differs from the value predicted by the BCS the-
ory: [Rylp, = 0.166 and [Rg]p,, = 0.158. The above fact
proves that the thermodynamic critical magnetic field for
the HCI compound cannot be determined quantitatively
by the weak-coupling BCS model.
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