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Introduction

Quantum sensors, being strongly sensitive to external 
disturbances, can measure various physical phenomena with 
extreme sensitivity. While the hardware instability is a liability 
for quantum computing, it is an asset for quantum sensing.

Known: A classical sensor network is a network of spatially 
dispersed sensors that monitor physical conditions of the 
environment such as temperature, sound, pollution levels, 
humidity, wind and wireless spectrum.
Question: What is a quantum sensor network?
Answer: A network of spatially dispersed sensors that leverage 
the quantum properties of light and matter, e.g., quantum 
object, coherence, and entanglement.

KEY FINDINGS
→ An entangled initial state can improve the probability of detecting 
whether a qubit detector is interacting with the environment or not.

→ Theorem 1. Under our problem, gives the conditions when the quantum 
states can be mutually orthogonal.

→ Theorem 2. Gives the expression of the optimal initial quantum state 
under the condition specified by Theorem 1.

Problem Definition

We have N quantum sensors, each of which is a represented by a 
qubit, initially in a N-qubit state |𝜓⟩. One of the detectors has its 
state altered by an interaction with the environment, described by 
a unitary operator 𝑈, and we would like to know which. This leads 
to a quantum state discrimination problem. We are discriminating 
the N quantum states:                                                     , 𝑖 = 1⋯𝑁
E.g., when N=2, discriminate between                  and 

This leads to two questions. How should we choose the initial 
state |𝜓⟩ (step 1&2 in Fig. 1) and how should we choose a 
measurement (step 4&5 in Fig. 1) to accomplish this optimally? 
This is essentially a double optimization problem. For the 
choosing a measurement, we resort to a numerical method based 
on semi-definite programming. Choosing the initial state |𝝍⟩ is 
the focus of this poster. Theorem 1 and theorem 2 are both 
theorems about the initial state.

Fig. 2. Illustration of quantum entanglement. The 2022 
Nobel prize in physics is awarded to three pioneers in 
quantum entanglement. Entanglement is an important 
resource in many applications of quantum sensing and 
quantum communication.

Theorems 1 & 2

Fig. 1. A quantum sensing protocol summarized 
in 7 steps. Here the measurement is projective. 
A more general measurement is POVM.

A quantum state always 
starts at 0 by default 

Optimizing the initial state, for
better suiting the sensing task

Where sensing happens. The interaction 
between a qubit and the environment is 
described by a unitary operator "𝑈, which 
is a Hermitian matrix.

Serving for a better measurement

A single-shot projective measurement

Multi-shot measurement is 
required to estimate the 𝑝
(transition probability)

Infer the signal 𝑉 from a set of 𝑝


