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DPS QKD demonstrations on commercial grade fiber

(Innovations in design and optimization of parameters)
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Trusted node free QKD for 380km fiber
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Wang et al.?® 2GHz 3.45% N.A.2 260 km 2012
Diamanti etal®® | 1 GHz 3.40% 166 bps 100 km 2006
Takesue et al.* 10 GHz > 4% 12.1 bps 200 km 2007
Takesue et al.* 1 GHz >2.3% 17 kbps 105 km 2007
Zhang et al.*? 2 GHz 3% 1.3 Mbps 10 km 2009
Shibata et al.P3 1 GHz 2.93% 0.03 bps 336 km 2014
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Scientific Reports 13, 15868 (2023)
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Entangled Photon Sources
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Fibre entanglement distribution and QKD in lab
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Field test of entanglement-based fiber QKD
Underground fiber within II'TD campus
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Total length: .
Field: 7.8 km Key rate achieved so far: 2kbps, QBER<3%
Lab spool : ~10 km

Total Loss: -6.5dB + (-4.5dB)

Entanglement based QKD is compatible with field deployed
telecom grade fiber

Nishant et al, Frontiers in optics (2024)



Need to co-propagate signals through the same fiber

"""""""""" QKD System
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Multiplexing of quantum and classical signals in same fiber:
Both signals pass through identical ambient conditions

Compensation of polarization and time delay fluctuations
High precision clock synchronization
Reduced infrastructure cost and increased bandwidth

Both quantum channels must be in C band for reduced losses and use
of same off-the-shelf components
10



Counts (per 500ms)

Forward and Backward Raman Scattering in Fiber
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Coexistence of C Band Quantum & Classical Signals
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Motivation for using partial coherence

Application of partially coherent (spatially) photons for free-space
quantum communication and imaging/sensing
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“The detection probability of the two-photon field is higher, and thus less susceptible to
turbulence, 1f the field 1s produced by a partially coherent pump beam.”
Qzu et al, Appl. Phys. B 108, 683 (2012), New Scientist, 9 June 2021




Partially-coherent optical beam

Gaussian Schell Model pump beam (Spatial coherence)

(VI EVE) xexp { - %}exp{ oy 0

0 <A<L1 v

(Incoherent) 0 < DOC < 1(Fully coherent)

Intermediate values of A refer to partial coherence

4
1000 &

Applications of optical coherence:

Astrophysics, optical communication, data encoding and transmission,
imaging (optical coherence tomography), and microscopy, beam
propagation in random media, beam shaping, quantum optics and
information

Optical Coherence and Quantum Optics, L. Mandel and E. Wolf (1995)



Generation and characterization of GSM pump beam
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P. Sharma, S. Rao and B. Kanseri, Physica Scripta 98, 65115 (2023)



Tunable polarization and partial coherence source
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Experimental Results: Biphoton Profiles
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Towards Partially Coherent Qubits
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P. Sharma, S. Rao and B. Kanseri, Physica Scripta 98, 65115 (2023)
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to down converted photons

Demonstrates double-slit interference with single-photons is affected
by partial spatial coherence of photons
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Concurrence

Effect of partially coherent pump on Entanglement
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Entanglement Recovery in Partially Coherent Qubits
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Ghost interference with partially coherent light

Fourth order correlation function: :
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Nonlocal interference with partially coherent qubits

Effect of unknown object 1s acquired by measuring the intensity correlations
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Nonlocal interference with partially coherent qubits
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We can achieve high visibility and quality simultaneously with
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Exploring Applications in Quantum Imaging
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Towards Trusted Node-Free Hybrid Quantum
Secure Communication Networks
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