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Fig. 1. DMNof the brain'.
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F 1 BIAAME ROL A PR, 474 . Brodmann 43X (BA) %5 K & AL 475 2.

Table 1.  Name, label, Brodmann area (BA) number, and location information of ROIs belonging to the default mode network.

ROI Label L/R BA X Y Z

Posterior Cingulate vDMN _1 L 31 -12 62 10
Middle Frontal Gyrus vDMN_ 2 L 10 27 -6 59

Culmen vDMN 3 L 37 -30 -39 —20

Superior Occipital Gyrus vDMN 4 L 19 -36 88 28
Posterior Cingulate Gyrus vDMN 5 R 31 15 -56 13
Precuneus vDMN_ 6 7 -6 61 56

Middle Frontal Gyrus vDMN 7 R 10 24 26 47

Culmen vDMN_8 R 37 27 -33 -23

Angular Gyrus vDMN 9 R 39 43 79 28

Cerebellum vDMN_ 10 R 12 47 63

Ventral Posterior Cingulate Gyrus pDMN 1 23 0 -35 28
Precuneus pDMN_ 2 7 0 ~76 38

Inferior Parietal Lobule pDMN 3 L 40 -39 —64 46
Inferior Parietal Lobule pDMN_4 R 40 39 —64 46
Middle Frontal Gyrus dDMN 1 9 0 49 12
Angular Gyrus dDMN 2 L 39 48 73 32

Superior Frontal Gyrus dDMN 3 R 6 18 38 51
Dorsal Posterior Cingulate Gyrus dDMN 4 31 0 57 30
Ventral Anterior Cingulate Gyrus dDMN 5 24 0 -17 35
Angular Gyrus dDMN 6 R 39 48 —66 29
Thalamus dDMN 7 —6 —6 3
Parahippocampal Gyrus dDMN_8 L 36 -24 37 -9

Parahippocampal Gyrus dDMN _9 R 36 24 21 -23
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Fig. 2. Schematic diagram of the construction of DMN energy landscape.
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Fig. 3. Dynamic characteristics of the resting state default mode network (DMN): (a) Disconnectivity graph of the energy land-
scape for the dDMN; (b) projections of the DMN state trajectories, colored according to the labels of attraction basins, in a 3-di-
mensional space. The left and right panels show the trajectory of the same subject from different viewing angles, respectively; (c) at-
tractors transition networks. The nodal size indicates the visiting frequency in the corresponding attracting domain, and the weight
of directed edge indicates the corresponding directed switching frequency, with the recording time T = 1200. The upper and lower
rows in the panels (a)—(c) correspond to the results of test subjects 1 and 2, respectively. Panels (d)—(i) are the statistical results of
energy landscapes for 55 subjects: (d) The distribution of attractor numbers; (e) the distribution of basin occupations; (f) the distri-
bution of energy barriers; (g) dependence of basin occupation and energy barrier; (h) dependence of basin occupation and area;

(i) dependence of energy barrier and area.
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Fig. 4. Covariation of the default mode network (DMN) states with activity mode in other brain regions: (a) Binarizing the activit-
ies of high-level visual cortex (hV) and auditory cortex (Aud) to obtain (hV, Aud) label sequence; (b) DMN state orbit colored ac-
cording to (hV, Aud) label sequence; (c) projection of the activity states of the 23 brain regions in the PCA1-PAC2 space; (d) the
ROC curve obtained by performing 4-classes training on the (hV, Aud) labels of DMN activity data by XGBoost, DNN, Random

Forest with two training schemes.
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Fig. 5. Correspondence between the states of DMN and
(visual, auditory) cortexes: (a), (b) DMN state orbits colored
according to the labels of attraction basin; (c), (d) DMN
state orbits colored according to the labels of (hV, Aud)
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Fig. 6. Relationships of the 23 ROIs within DMN: (a) Partial correlation matrix calculated based on compressive sensing; (b) the
corresponding network structure, which includes the positive (magenta links) and negative (cyan links) correlations. The width of
the line indicates the correlation strength; (c) the directed dynamical influence from RO i to j, p;| M obtained in the CCM method.
The delay coordinate embedding dimension is 2 and the delay is 1; (d) the causality matrix obtained by CCM; (e) the coarse-

grained result of the corresponding influence among ROIs within DMN.
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SPECIAL TOPIC—Statistical physics and complex systems

Dynamics of the default mode network in human brain’
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Abstract

Brain is a typical complex system with characteristics such as self-adaptation, self-organization, and
multistability. The activity of the default mode network (DMN), a crucial functional subnetwork of the human
brain in resting state, obeys typical non-equilibrium statistical mechanical processes in which the system
continually switches among multiple metastable states. Revealing the underlying dynamical mechanism of these
processes has important scientific significance and clinical application prospects. In this paper, according to the
blood oxygen level dependent (BOLD) signals obtained from functional magnetic resonance imaging (fMRI), we
build an energy landscape, disconnectivity graph and transition network to explore the non-equilibrium
processes of DMN switching among different attractors in resting state. Taking the activities of high-level visual
and auditory cortices for examples, we verify the intimate relationship between the dynamics of DMN and the
activity modes of these external brain regions, through comparing the distributions in state space and the
algorithms such as XGBoost and deep neural networks. In addition, we analyze the interaction between various
DMN regions in the resting state by using the techniques such as compressive-sensing-based partial correlation
and convergence cross mapping. The results in this paper may presnt new insights into revealing the dynamics
of the intrinsic non-equilibrium processes of brain in resting state, and putting forward clinically significant

biomarkers for brain dysfunction from the viewpoint of dynamics.
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