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Abstract: 

We demonstrate the cooling effect induced by multiple-Andreev-reflection (MAR) in the thermal hysteresis of superconducting constrictions near clean and short limit. We measure the current-voltage ( I-V ) characteristics of single constriction and -SQUID devices, and observe a series of voltage-step jumps below the gap (). Our analysis shows that the voltage-steps are signs of the enhancement of superconductivity driven by excess I ; in particular, a MAR-assisted cooling effect taken place at V  /e. To illustrate the consequence of the cooling effect, we show the coexistence of normal current mediated by Andreev quasiparticles and Josephson supercurrent in the dissipative state of a -SQUID device. Our findings provide an insightful understanding of nonequilibrium quasiparticle relaxation in mesoscopic superconducting systems and have strong implications for developing superconducting ballistic devices. 
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