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Measurements in Quantum Mechanics

* Intrinsic noise of the system limits our ability to measure

e How can we perform better measurements? Quantum resources!

* Increase Sensitivity (Enhanced Quantum Measurements)

* Quantum Metrology: (continuous) parameter estimation

* Nonorthogonal State Discrimination: Distinguish states
(from a finite known set)

 Theoretical predictions in the 70’s

 Experimental discrimination below the SQL (~0.2 dB) *
Only 2 coherent states

* K. Tsujino et al., PRL 106, 250503 (2011).



Multiple Coherent States

Coherent state ‘ el¢055 >

Im{a}

L. Re{o }

271 m
¢ = M

m=1{0,1,2,.., M -1}

M-ary Phase Shift Keying (PSK)

M=2: Binary Phase Shift Keying (BPSK)
Signal = { a),|~a)}

M=4: Quadrature Phase Shift Keying (QPSK)

Signal = ﬂ a>, ‘ia>, ‘ —a>, ‘—ia>}
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Discrimination
Unavoidable Errors

Standard Quantum Limit (SQL)
(Minimum Error by direct detection)



Quantum Limit: Helstrom Bound

Error Probability
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Demonstration of binary receiver beyond the SQL
K. Tsujino et al., PRL 106, 250503 (2011).
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Error Probability

Quantum Limit: Helstrom Boun
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Feed-Forward Receiver Design
(M-ary Signals)

Signal and LO with
orthogonal polarizations
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Experimental concept
(4-ary Signals)
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Experimental Configuration

He-Ne laser
(633 nm)
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Interference
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Experimental Data Sample
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Experimental Error Probability

Error Probability
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Bit error rate
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PNR Quantum Receiver (Theory)
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Probability of Error

PNR Quantum Receiver (Experiment)
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Optimized Displacement Receivers
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State Discrimination: Probability of error

Binary Phase-shift Keying (BPSK)
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Non-ideal visibility degrades performance

Visibility (&) of Displacement characterizes noise and imperfections
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[1]: C. Wittmann, et. al, Phys. Rev. Lett. 101, 210501 (2008).

[2]: K. Tsujino, et. al, Phys. Rev. Lett. 106, 250503 (2011). M. T. DiMario and F. E. Becerra, Phys. Rev. Lett. 121, 023603 (2018)



Non-ideal visibility degrades performance

Visibility (&) of Displacement characterizes noise and imperfections
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Experimental Error Probability

Binary state discrimination {|a),| — a)}
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PNR provides robustness to dark counts
Phase (PSK) and Intensity OOK encoding
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e Surpassing the QNL at all powers

* Enhance information at low powers
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Quantum Measurements:
Nonconventional Detection
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