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DYNAMICS WITH HIGHER ORDER INTERACTIONS

Rumor spreading
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Questions:

- How these new results are related with classical theory?  

- Are there equivalent pairwise models?  

- Do we always need them?



UNDERSTANDING HOIS

Ref.

• “On the stability of competitive ecological communities with pairwise and higher-order interactions” 
Marc Duran-Sala, SM, Violeta Calleja-Solanas.  
arXiv:2501.09172

Violeta Calleja, EBD CSIC Marc Duran, EPFL

People

• “Higher-order contagion processes in 1.99 dimensions” 
SM, Andrea Gabrielli, Pablo Villegas 
arXiv:2502.18004

Pablo Villegas, CREF Andrea Gabrielli, Roma TRE

• “Demystifying HOI in ecology: is this description worth it?” 
Santiago Lamata-Otín, Carlos Gómez Ambrosi, Violeta Calleja-Solanas, Jesús Gómez Gardeñes, SM.  
in preparation

Santiago Lamata, UNIZARJesús Gómez, UNIZARCarlos Gómez, UNIZAR



DO WE ALWAYS NEED THEM?



BEYOND PAIRWISE INTERACTIONS IN ECOLOGY

Levine et al. Nature 546, 56–64 (2017)

Pairwise Interaction chain

Higher-Order Interaction

Ecological dynamics
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Lyapunov function 
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x*i log
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. Any amount of HOIs stabilizes the dynamicsαc = 0
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DIFFERENT PHYSIOLOGICAL RATES

General case (well mixed)
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REAL PHYSIOLOGICAL RATES
Real data

From N. Marbà, et al. , Proc. Natl. Acad. Sci. U.S.A. 104 (40) 15777-15780 (2007)
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NETWORKS

Random networks (Erdös-Rényi)  with tunable fraction of HOIs

 fraction of hyperlinksα
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Percolating cluster of HOIs

 
size of the giant component  

considering only HO connections 

△ GC

0 0.2 0.4 0.6 0.8 1
Proportion of HOIs, 

0

0.2

0.4

0.6

0.8

1

Ar
ea

 in
 s

im
pl

ex
 

(a)
ER hypergraph

0 0.5 1
0

0.5

1

p co
ex

0 0.2 0.4 0.6 0.8 1
Proportion of HOIs, 

0.4

0.6

0.8

1
(b)

0.8 0.9 1
10-2

100

Ar
ea

 = -0.88

Random networks (Erdös-Rényi)  with tunable fraction of HOIs

Special case:  

Identical physiological rates 



SUMMING UP

Higher-order interactions can be a framework to study dynamical systems on networks 

However: 

• Rethink their study at the light of Network Theory and Statistical Mechanics 

• Leave the “new physics” behind and put efforts in systematize these new results   
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