The prime novelty of this work lies in the unprecedented use of Cu2Te to trigger a liquid-assisted, synergistic dual mechanism in MgB2 bulk superconductors. For the first time, we demonstrate that a low-temperature Mg-Cu eutectic liquid not only refines grains to enhance low-field connectivity but also induces the in-situ precipitation of nanoscale MgTe and MgCu2 pinning centers. This unique dual optimization breaks the trade-off in traditional doping, yielding a nearly three-fold enhancement in high-field critical current density at 4 T, offering a highly promising chemical doping strategy for practical applications.
