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According to one of the most fundamental assumptions
of quantum theory, the density matrix carries the achiev-
able information about the quantum state of a physical
system. In recent years the determination of the trajec-
tory of the state based on the results of measurements has
gained new relevance because the ability to create, control
and manipulate quantum states has found applications in
other areas of science, such as: quantum information the-
ory, quantum communication and computing.

In this work we follow the stroboscopic approach to
quantum tomography which was proposed in [1] and then
developed in [2, 3]. In the stroboscopic approach we
consider a set of observables {Q i}ri=1 with r < N2 − 1
(where N = dimH) and each of them can be measured
at time instants {t j}

p
j=1. Every measurement provides a

result that shall be denoted by mi(t j) and can be repre-
sented as mi(t j) = Tr(Q iρ(t j)). Because in this approach
the measurements are performed at different time instants,
it is necessary to assume that the knowledge about the
character of evolution is available, e.g. the Kossakowski-
Lindblad master equation [4] is known or, equivalently, the
collection of Kraus operators. Knowledge about the evo-
lution makes it possible to determine not only the initial
density matrix but also the complete trajectory of the state.
To make this issue clearer from now on we assume the fol-
lowing definition [3].
Definition 1.
An N-level open quantum system is said to be (Q1, ...,Q r)-
reconstructible on an interval [0, T] if there exists at least
one set of time instants {t j}

p
j=1 ordered as 0 ≤ t1 < ... <

tp ≤ T such that the trajectory of the state can be uniquely
determined by the correspondence

[0, T] 3 t j → mi(t j) = Tr(Q iρ(t j)) (1)

for i = 1, ..., r and j = 1, ..., p.
The outcomes that we obtain from the measurements

can be presented in a matrix form as
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mr(t1) mr(t2) · · · mr(tp)
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. (2)

The fundamental question that we formulate is: Can we
reconstruct the initial density matrix ρ(0) for a given master
equation from the set of measurement results presented in
(2)?

Other questions that arise in this approach concern: the
minimal number of observables for a given master equa-
tion and their properties as well as the minimal number of

time instants and their choice. The general conditions for
observability have been determined and the proofs can be
found in papers [1–3].

In the this work [5] there are three different decoherence
models of 2-level quantum systems, to which the strobo-
scopic approach has been applied. In the static approach to
quantum tomoraphy of 2-level systems one needs to mea-
sure three different observables to be able to reconstruct
the initial state. In this work we discuss effectiveness of the
stroboscopic approach in comparison with the static model.

First, we address the problem of dephasing, in which the
stroboscopic approach allows us to give the concrete for-
mula for the initial density matrix. The required number
of different observables is equal 2, which gives the strobo-
scopic approach an advantage over the static model.

Next we discuss the usefulness of the stroboscopic ap-
proach in case of depolarization, which is another model
of decoherence. The stroboscopic tomography does not al-
low us to decrease the number of observables in this case.
Therefore, this approach seems as effective as the static
one.

Finally, we tackle a more general problem, where the
stroboscopic approach seems to have the greatest ad-
vanatage. As the most promising result we introduce a
parametric-dependent family of Kraus operators for which
the generator of evolution has no degenerate eigenvalues,
i.e. in that case there exists one observable the measure-
ment of which performed at three different instants is suf-
ficient to reconstruct the initial density matrix.
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