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Fig. 1. (a) XRD pattern of CeRh,As, single crystal, with
the inset displaying the optical image of the single crystal
and a schematic illustration of its crystal structure. (b) Re-
ciprocal of the direct current magnetic susceptibility of
CeRhyAs, single crystals at ygH = 1 T, with magnetic field
in the ab plane (red) and along the ¢ axis (blue). The slope
of the dashed line is used to calculate the effective magnet-
ic moment of Ce**. (¢) Temperature dependence of the res-
istivity of CeRh,As, single crystal in zero field. The inset
displays the resistivity below 2 K along with an optical im-
age of the sample with four electrodes.
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Fig. 2. (a) Resistivity of CeRhyAs, single crystal measured between 50 mK and 0.6 K under various magnetic fields (up to 7 T).

The superconducting critical temperature 7T, decreases monotonically with increasing field and is fully suppressed at 7 T. (b) Res-

istivity below 2 K under various magnetic fields. Black arrows mark the 7, anomaly. Each successive curve is vertically offset by -
10 pf? relative to previous one, with dashed arrow indicating the offset direction. (¢) Main panel: Resistivity at 7 T below 0.5 K.
The black dashed curve represents the fit to p = po + AT . Inset: Linear fit (black dashed line) to p(T) vs. T? under 0.15 K;
(d) Superconducting phase diagram of CeRhyAs,. Black upward triangles and blue squares denote the TCmid and 7T, anomaly from

resistivity measurements, respectively. Red stars are from AC magnetic susceptibility data reproduced from Ref. [10].
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Fig. 3. (a) Temperature dependence of the zero-field thermal conductivity of CeRh,As, single crystal, with the black arrow indicat-
ing the superconducting critical temperature T,. The fitting curves above T, and below 0.57T, are green and purple, respectively,
and are extended to lower temperatures with dashed lines. (b) Low-temperature thermal conductivity of CeRhyAs, single crystal un-
der applied fields (up to 7 T), with the black dashed line representing the normal-state Wiedemann-Franz law expectation
Lo/po(7T). (c) Left axis: Magnetic field dependence of the normalized residual linear term ry/T versus normalized magnetic field

strength H/H,, for several typical superconductors; Right axis: Magnetic field dependence of x/ T for the CeRh,As, single crystal at

T = 0.15 K (red squares).
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Abstract

CeRh,yAs,, as a recently discovered Ce-based 122-type heavy-fermion superconductor, has attracted much
attention due to its non-Fermi-liquid behavior and two-phase superconductivity. The tetragonal crystal
structure of CeRhyAs, maintains global centrosymmetry, which makes even-parity and odd-parity
superconducting states different rather than mixed. The Ce site exhibits local inversion symmetry breaking,
which results in staggered Rashba spin-orbit coupling. This may lead to the c¢ axis field-induced transition
between two superconducting phases and high critical field. Given the novel physics in CeRhyAs,, including a
possible quantum critical point and a spin-fluctuation-mediated superconducting pairing mechanism, the ultra-
low-temperature electrical and thermal transport properties of CeRhyAs, under various magnetic fields are
investigated in this work. The zero-field resistivity reveals a superconducting transition at the critical
temperature T, = 0.34 K. At a magnetic field of 1 T, a minimum resistivity appears near T,~0.42 K, which
may be due to partial gap opening caused by Fermi surface nesting, indicating that the system enters into a
magnetically ordered state, which is not observed in zero field. In the temperature range from 7, to 2 K, the
system exhibits non-Fermi-liquid behavior p ~ T°%*, indicating proximity to a quantum critical point. The
superconducting transition is fully suppressed at 7 T, with resistivity recovering Fermi-liquid behavior at low
temperature. No significant anomaly is observed in the zero-field thermal conductivity of CeRh,As, near T.
This absence of anomaly may be attributed to the high residual resistivity of the sample, and the reduction in
carrier density during the superconducting transition and the 7|, phase transition. It requires optimizing single
crystal growth to reduce the effects of lattice defects or chemical disorder on thermal transport. Upon applying
magnetic field, the thermal conductivity curve exhibits a small upward shift relative to its zero-field curve. At
0.15 K, thermal conductivity rises with the increase of magnetic field and is saturated at higher fields (above
5 T). In the normal state at 7 T, it is found that the electrical resistivity and thermal conductivity satisfy the
Wiedemann-Franz law, indicating that both charge and heat transport are governed by the same quasiparticles,

which is consistent with the Fermi-liquid behavior observed in resistivity under this field.

Keywords: heavy-fermion superconductor, CeRhyAs,, electrical resistivity, ultra-low-temperature thermal

conductivity
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