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The potential for future quantum technologies is fuelled by quantum resources which are the
quantum coherence and the triad of many-body non-classical correlations: entanglement, Einstein-
Podolsky-Rosen (EPR) steering and the Bell nonlocality.

One of the most promising avenues in utilizing quantumness for computational tasks is the con-
cept of a Quantum Reservoing Computing (QRC) [1, 2] which offers a promising method for tackling
machine learning problems using quantum systems. Noteworthy for its minimal training require-
ments [3], QRC stands out as a novel paradigm in quantum machine learning (QML), providing
an alternative to traditional approaches where trainability issues may undermine the effectiveness
of quantum strategies [4]. By leveraging the extensive degrees of freedom in quantum many-body
systems, QRC is expected to outperform classical methods [5]. Consequently, it has emerged as a
strong candidate for developing practical QML algorithms that can be implemented with current
quantum devices[6]. However, attributing the efficacy of QRC solely to the vast dimensionality
of the space it addresses is insufficient. The performance of QRC is likely influenced by a variety
of intrinsic quantum properties inherent to quantum many-body systems. In particular, the im-
pact of the dynamical regime of the quantum many-body system on QRC performance has been
studied[7] as well as the input-output nonlinearities present for different encoding strategies[8, 9].
Recent developments have also explored the roles of entanglement and phase space dimension in
QRC performance[10], different particle statistics[11], and the use of an engineered dissipation to
increase the QRC capabilities[12].

In this work, we consider two previously unexplored features within this framework. First, we
build upon previous analyses by incorporating a more realistic scenario that includes the a priori
unwanted quantum effect of backaction, namely, the direct influence on the state of a system when
it is measured. Second, we take initial steps to understand the role of Bell correlations within
this framework. By addressing these intrinsically quantum features, we aim to provide a deeper
understanding of the factors influencing QRC performance.

Previous works have primarily focused on what can be considered positive quantum properties.
For instance, in [7], the authors demonstrated that QRC achieves maximal performance near the
transition between localized and ergodic dynamical regimes. They examined various realizations
of these regimes by adjusting local disorder and the transverse field in the transverse field Ising
Hamiltonian. This can be understood as follows: in a highly localized regime, each spin behaves
independently, preventing information spread due to the existence of local conserved quantities,
while in a highly ergodic regime, the system has delocalized global properties. Therefore, the
optimal quantum properties, characterized by the richness of degrees of freedom and the ability to
spread information, are found near the transition between these two regimes in the more quantum
regime. Another interpretation, presented in [10], focused on a smaller portion of the parameter
space. This study linked performance to both the entanglement within the system and the explored
phase space dimension ratio. Extending this interpretation to the full parameter space supports the
conclusion that optimal QRC performance is associated with maximal display of these quantum
properties. However, the assumption that more quantum is better is challenged when negative
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quantum effects are introduced. In [13], a practical online protocol for implementing QRC using
weak measurements was proposed. In this framework, each time-step measurement introduces a
backaction effect on the system, dependent on a coupling factor g, between the system and the
measurement apparatus. These indirect measurements have already been implemented by using
ancillary qubits [6].

On one hand, our analysis focus on studying the unseen impact of combined quantum effects
that were separately considered as positive or negative for increasing the performance of QRC. To
illustrate this, we consider the spin network modelled by a transverse-field Ising model studied in
[13] to explore the whole possible regimes that could arise when both the Hamiltonian parameters
and the measurement strength are tunable. For instance, in the color plots of Fig. 1 we depict the
forecasting capacity of our QRC spin system depending on these two parameters. Unexpectedly in
the left panel, we show that there is a wide region between h0 = 10−1 and h0 = 10 where changing
the measurement strength is not detrimental neither affecting the performance of the system, even
for large g values corresponding to projective measurements. However, in practical scenarios, with
a finite number of measurement repetitions, depicted in the right panel of Fig. 1, the associated
noise hinders the capacity to make good predictions in that regime of parameters.

On the other hand, we want to provide a general analysis of QRC besides the specfic model and
task described above. In particular, we aim to characterize the role of many-body entanglement,
and many-body Bell correlations in the overall QRC framework. Our work is motivated by the
recent boost in systematic generation of massively correlated many-body quantum states in analog
quantum simualtors, including optical lattices, Rydberg tweezer arrays or ions trap [14, 15]. We
focus on characterizing the amount of quantum resources, including depth of many-body entan-
glement, needed to see advantage over single-particle based QRC. To this aim, we are currently
developing a more general framework based on the calculation of quantum Bell correlations, which
can be applied to QRC based on different quantum technologies.

Figure 1: Forecasting capacity of a QRC consisting of a spin network for the Santa-Fe stochastic
time series depending on the measurement strength, g, and the magnetic field, h0, for a transvers-
field Ising model (see Ref.[13] for details on the definitions). In the left panel, we show the ideal
capacity without shot noise, whereas on the right the case with shot noise corresponding to 1.5
million shots per time step is depicted.
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