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Research Summary:

In the last academic year, I have been working on different aspects of quantum devices,
and at the interface of quantum information with other sciences.

In one of these works, I have collaborated with Ahana Ghoshal on heat current
and entropy production rate in local non-Markovian quantum dynamics of a global
Markovian evolution. We examined the elements of the balance equation of entropy
in open quantum evolutions, and their response as we go over from a Markovian to
a non-Markovian situation. In particular, we looked at the heat current and entropy
production rate in the non-Markovian reduced evolution, and a Markovian limit of the
same, experienced by one of two interacting systems immersed in a Markovian bath.
The analysis naturally led us to define a heat current deficit and an entropy production
rate deficit, being differences between the global and local versions of the correspond-
ing quantities. The investigation brought us, in certain cases, to a complementarity
of the time-integrated heat current deficit with the relative entropy of entanglement
between the two systems.

In another work, I have collaborated with Kornikar Sen and Chirag Srivastava
to provide measurement-device-independent nonlinear entanglement witnesses. En-
tanglement witnesses are one of the most effective methods to detect entanglement.
It is known that nonlinear entanglement witnesses provide better entanglement de-
tection than their linear counterparts, in that the former detect a strictly larger sub-
set of entangled states than the latter. Whether linear or nonlinear, the method is
measurement-device dependent, so that imperfect measurements may cause false cer-
tification of entanglement in a shared state. Measurement-device-independent entan-
glement witnesses provide an escape from such measurement dependence of the en-
tanglement detection for linear entanglement witnesses. We presented measurement-
device-independent nonlinear entanglement witnesses for non-positive partial trans-
pose entangled states as well as for bound entangled states with positive partial trans-
pose. The constructed measurement-device-independent nonlinear entanglement wit-
nesses certified the entanglement of the same sets of entangled states as their device-
dependent parents do, and therefore are better than the linear entanglement witnesses,
device-independent or otherwise.
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