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The ability to effectively manipulate nonequlibirum ‘hot’ carriers could enable novel schemes for highly efficient energy harvesting and interconversion. One approach to harness a kinetic energy of hot carriers is through exploiting Auger interactions. In particular, using inverse Auger recombination or impact ionization, one can generate additional electron-hole pairs, which could, in principle, enhance efficiencies of photoelectrical and photochemical transformations [1]. The Auger interactions driving carrier multiplication (CM) compete with carrier cooling via phonon emission. In bulk semiconductors,  the energy-gain rate due to Auger energy transfer (rg) is lower than the intraband cooling rate (rc) by at least of factor of 3. As a result, the energy required to create a new electron-hole pair (eh) is more than 3 bandgaps (eh > 3Eg) instead of just Eg, as defined by energy conservation. Due to relaxation of momentum conservation and reduced dielectric screening, Auger interactions are enhanced in zero-dimensional quantum dots (QDs). This leads to the enhancement of the CM effect manifested most prominently in the reduction of its threshold  [2, 3]. However, as the rate of intra-band cooling is also enhanced, the rg/rc ratio remains around 0.3 and eh is still near 3Eg, as in bulk systems. 
Recently, we have discovered that contrary to this established paradigm, the energy-gain rate due to Auger interactions can exceed the rate of ‘nonproductive’ phonon-assisted energy losses in strongly confined magnetically doped QDs [4]. Specifically, we have demonstrated that by exploiting spin-exchange Auger interactions between manganese ions and intrinsic QD excitonic states, we can boost the Auger energy-gain rate almost ten-fold so the energy gain/loss-rate ratio becomes greater than 7, versus ~0.3 in undoped materials. The fact that spin-exchange Auger energy transfer outcompetes intraband cooling is indicated by observations of highly efficient Auger processes involving unrelaxed, hot carriers. In particular, we observe very fast (~140 fs) excitation of a magnetic ion by spin-exchange transfer from a hot QD exciton. Furthermore, we resolve an extremely fast (150 fs time scale) upconversion-like process wherein a hot photoinjected electron is intercepted by the spin-exchange Auger process and instead of relaxing to the band-edge is promoted to a ‘vacuum’ state outside the dot.  The discovered effects are of great potential utility in photoconversion and photochemistry, electron photo-emission, and detection of energetic particles [5].
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