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Research Summary:

During 2020-21, the main directions of quantum technologies that I have worked on
include designing efficient quantum network for information transmission which is
robust against noise, characterization of quantumness in multipartite states, investi-
gations of quantum features in the dynamics of quantum many-body systems, under-
standing multimode correlation in continuous-variable systems.

Towards establishing the quantum network, we design a global and optimal lo-
cal measurement-based protocol in one- and two-dimensional lattices by which any
two or more prefix sites can be connected via entanglement from several copies of
bipartite noisy entangled states. In this respect, complete characterization of a noisy
multipartite quantum state in terms of entanglement requires full knowledge of how
the entanglement content in the state is affected by the spatial distribution of noise in
the state. Specifically, we find that if the measurement basis in the protocol of com-
puting localizable entanglement and the basis of the Kraus operator representing the
local noisy channel do not commute, the information regarding the noise is retained
in the system even after the qubit is traced out after measurement.

To design quantum technologies in physical systems like cold atoms, ion traps,
it is important to characterize the many-body system. We study quantum correla-
tions of the dynamical state of the alternating field transverse XY spin chain with
Dzyaloshinskii-Moriya interaction. We report that multipartite entanglement of the
evolved state has the potential to detect interesting phenomena like a dynamical quan-
tum phase transition in this system. Moreover, we seek suitable information-theoretic
quantities, which during dynamics can give prominent response to the quantum criti-
cal region in the transverse field quantum XY model.

Although quantum information protocols were originally proposed for discrete
variable systems and they have been implemented, e.g., by using the polarization de-
gree of freedom of photons, there are some shortcomings. It turns out that continuous-
variable (CV) systems can overcome certain difficulties and hence implementing quan-
tum information processing tasks by using CV states in infinite-dimensional systems
can be important. Recently, we propose an efficient way to quantify entanglement in
multimode CV states, both for Gaussian as well as non-Gaussian states.
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Conference/Workshops Attended:

1. Online Symposium on Quantum information and Computation (Quantum Talks), IIIT
Hyderabad, June 2020.

2. Indo-Japan webinar on quantum technologies, July 2020.

3. Quantum Foundations, Technology and Applications 2020, IISER Mohali, December
2020.

4. IPA50 Webinar series, India, November 2020- March 2021.

Invited Lectures/Seminars:

1. Quantum Technologies, Vigyan Vidushi programme, Tata Institute for fundamental
research, June, 2020.

2. Aspects of Quantum Technologies: Research at HRI, Indo-Japan webinar on "Quan-
tum Technologies”, Science and Technology Wing, Embassy of India in Tokyo,
July, 2020.

3. Recent developments in Quantum Technologies , inauguration of the Center for Atomic,
Molecular, and Optical Sciences and Technologies (CAMOST), IIT Tirupati and
IISER Tirupati, August, 2020.

4. Quantum Technologies, Vigyan Jyoti Programme(DST), Jawahar Navodaya Vidyalaya
, Bangalore, August, 2020.

5. Quantum communication Network, Qiskit YouTube Quantum Seminar series, IBM,
September, 2020.
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