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Private Quantum InformationDistributed Sensing

Distributed quantum sensing enables the estimation of multiple param-
eters encoded in spatially separated probes. While traditional quantum 
sensing is often focused on estimating a single parameter with maxi-
mum precision, distributed quantum sensing seeks to estimate some 
function of multiple parameters that are only locally accessible for each 
party involved. In such settings it is natural to not want to give away 
more information than is necessary - privacy. To do this, one should 
find which states comply with this - private states. Applications can 
range from clock synchronization protocols, to gravimetry experiments.

Figure 1. Distributed sensing scenario, consisting of a) a network of quantum 
nodes, capableof distributing entangled states, where b) each of the nodes holds 
their own sets of qubits, which can be seen as resources for quantum sensing.

TOOLS:

We start from building a target linear function of the distributed parame-
ters:

The definition of privacy can be stated from the following conditions:
 (i) Let H and D be the subsets of honest and dishonest parties;
 (ii) Every honest party in H can only know the target function
 (iii) Every dishonest party in D can only know the target function and all 
indidividual parameters in D (and any linear combination thereof).

Then one can define a privacy measure with respect to a target function:

DEFINITION: (Privacy) The privacy measure of a multi-parameter esti-
mation problem, is a function of the quantum Fisher information matrix 
(QFI) and the vector providing the target function. It is given by:

The question of finding these private states then becomes intertwined 
with the dynamics governing the evolution, seen from the QFI matrix.
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Step 1: Verify if we have sufficient qubits for the target function

Step 2: Build first private state family with minimal resources

Such that:

Step 3: Build robust and private families by adding extra qubits

Such that:

Step 1: Identify the local eigenstates and eigenvalues

Step 3: Construct the private orthotope and states

Step 2: Construct the distributed orthotope
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Results:
- A method to build private states under hamiltonian dynamics;
- Proofs that these are in fact the only private states that exist;
- Link between the Hamiltonian and the private states structure - the private orthotope.


