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Unconventional superconductors offer pathways to novel technologies and deeper insights into electron cor-
relations in condensed matter. Noncentrosymmetric superconductors, lacking inversion symmetry, exhibit
mixed spin singlet/triplet pairing, making them candidates for time-reversal symmetry (TRS) breaking in their
superconducting states.
We have identified HfRhGe, a new noncentrosymmetric Weyl semimetal with strong SOC, spontaneously
breaks TRS in its superconducting state [1]. Magnetization and thermodynamics confirm bulk superconduc-
tivity. Zero-field μSR shows TRS breaking. Transverse-field μSR and specific heat indicate a fully gapped state.
Calculations reveal Weyl nodes and Fermi arcs, confirming its Weyl semimetal nature. Ginzburg-Landau anal-
ysis suggests typical TRS-breaking states have nodes, contradicting our findings. We propose a loop super-
current state with spontaneous Josephson loops to explain the fully gapped, TRS-breaking phase.
HfRhGe combination of noncentrosymmetry, Weyl topology, strong SOC, and TRS breaking makes it ideal
for studying topology and unconventional superconductivity. Its properties suggest potential for the super-
conducting diode effect, promising quantum device and dissipationless electronics applications.
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