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The discovery of cause-and-effect relationships is a foundational element
of scientific knowledge. Recently, we developed a new causality analysis
method called Dimensional Causality (DC), which can detect and distin-
guish various fundamental forms of causal interactions between two dynam-
ical systems. Specifically, DC can identify directed causal connections, cir-
cular or bidirectional interactions, and differentiate these from cases where
two unrelated systems are influenced by a hidden common cause, or con-
founder [1]. To determine these relationships from observed time series, DC
combines an embedding-based theoretical framework for dynamical systems
with enhanced dimension estimation techniques [2] and Bayesian model in-
ference. Our improved DC analysis utilizes optimized rules for parameter
selection in dimension estimation. To assign likelihoods to each potential
causal connection, we perform Bayesian integrals sensitive to both the per-
ceived ordering and equality of dimension estimates. Although the efficacy
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of this method has been demonstrated on simulated dynamical systems,
we here validate it with in vitro measurements, where the types of causal
relationships are relatively well understood.

Local Field Potential (LFP) and Intrinsic Optical Signal (IOS) were
recorded during in vitro experiments of evoked epileptic activity, induced
by a magnesium-free Ringer solution [3]. In an earlier study, we demon-
strated that Sugihara’s cross-convergent mapping (CCM) method identified
a directed causal influence from LFP to I0S activity, with no detectable
signs of feedback. However, CCM could not rule out the possibility of a
confounder and yielded ambiguous results without assuming a time delay
for the effect. During the initial phase of evoked seizure-like activity, a
clear unidirectional causal link from LFP to IOS (—) is identified. However,
as epileptic activity diminishes in later stages, the likelihood of a hidden
common cause between LFP and IOS increases. Importantly, this causal
direction was inferred without assuming any observable time delay.

Additionally, we performed an analysis for the COMPASS fusion ex-
periment. Plasma density was measured using lithium beam emission spec-
troscopy (Li-BES) in parallel with magnetic field measurements from Mirnov
coils. The DC method was applied to investigate the causality behind tran-
sient instabilities of plasma edge localized modes (ELMs) and their pre-
cursors. In plasma experiment number 17229, our method found a highly
probable unidirectional relationship from the magnetic field to plasma den-
sity, though a common cause could not be excluded. Further measurements
are planned to expand upon these findings.

These results demonstrate the DC method’s applicability to real-world
experimental data and provide valuable guidance for future applications.

Acknowledgements. Hungarian National Research, Development and Inno-
vation Fund NKFIH K135837, NKFIH-FK 135285, the Hungarian National
Brain Research Program KTIA NAP 2017-1.2.1-NKP-2017-00002 and the
Hungarian Research Network (HUN-REN).

[1] Benks, Zs., Zlatniczki, A., Stippinger, M., Fab6, D., Sélyom, A., Eréss L., Telcs,
A. and Somogyvari, Z. Bayesian inference of causal relations between dynamical
systems Chaos, Solitons € Fractals 185 (2024), 115142. https://doi.org/10.
1016/j.chaos.2024.115142

[2] Benkd, Zs., Stippinger, M., Rehus, R., Bencze, A., Fabé, D., Hajnal, B., Eross,
L.G., Telcs, A. and Somogyvari, Z. Manifold-adaptive dimension estimation
revisited. PeerJ Computer Science 8 (2022), €790. https://doi.org/10.7717/
peerj-cs.790

[3] Benkd, Zs., Moldovan, K., Szddeczky-Kardoss, K., Zaldnyi, L., Borbély, S.,
Vilagi, I. and Somogyvari, Z. Causal relationship between local field potential
and intrinsic optical signal in epileptiform activity in vitro Scientific Reports 9
(2019), 5171. https://doi.org/10.1038/s41598-019-41554-x


https://doi.org/10.1016/j.chaos.2024.115142
https://doi.org/10.1016/j.chaos.2024.115142
https://doi.org/10.7717/peerj-cs.790
https://doi.org/10.7717/peerj-cs.790
https://doi.org/10.1038/s41598-019-41554-x

