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Is it possible to consider life as condensed 

matter/statistical physics phenomenon?

One of  the possible answers: we should!

The focus on “emergence”, “collective phenomena”,

“universality classes” 



Glass: a system with an energy landscape characterizing by 

infinitely many local minima, with a broad distribution of  barriers,

relaxation at “any”  time scale and aging (at thermal cycling you

never go back to exactly the same state) 

Picture from P. Charbonneau et al,

Intermediate state between

equilibrium and non-equilibrium,

opportunity for history and 

memory (“stamp collection”)

Giorgio Parisi, Nobel Prize in physics 2021

"for the discovery of  the interplay of  disorder 

and fluctuations in physical systems from atomic 

to planetary scales."

Two recent developments: spin glasses and 

machine learning



Remarks on spin glasses
Disorder is not necessary: self-induced spin glasses 

Frustrations (that is, competing interactions) are sufficient!

Experimental confirmation



Remarks on spin glasses II

Frustration caused by competing interactions in multidimensional 
systems could be the general driving force behind the emergence of 
complexity, within and beyond the domain of biology.

But spin glasses do not have long-term memory: too many local minima

with too small  basins of  attraction – and biological evolution does (for

billions of  years!)

Search for state with smaller number of  local minima (with some success)

 



Machine learning and all that

A fundamental question in the evolution: how to create novelty and

complexity by trial-and-error approach?  Is 4 billion years sufficient?

The answer is (we believe!) yes but it should be a trial-and-error within

a very small part of  configurational space

How do we know that this is physically and mathematically possible?

Well… otherwise AlphaGo would not be able to win the best human

players in go (estimated total number of  possible games in go is about

10700 in comparison with 1080 atoms in the Universe). 

Both machine learning and Darwinian evolution are 

optimization problems 



Analogies with biological evolution?

Energy landscape in physics is similar to fitness landscape in biology



Analogies with biological evolution II

Can the change of  e.g. biological temperature switch fitness landscape

from  a few well-defined peaks to a glassy-like with many directions of

possible evolution?

Cambrian Explosion as an analog of  magnetic phase transitions

in neodymium?! 



Difference with statistical physics: Two-level 

dynamics governed by different laws
Genotype-to-phenotype mapping: molecules governed by

physical and chemical laws plus selection acting on macrolevel

What do we do in physics: We see pattern, we suggest Hamiltonian

with competing interaction



Difference with statistical physics: Two-level 

dynamics governed by different laws II



Difference with statistical physics: Two-level 

dynamics governed by different laws III

But patterns in genome are not necessary based on chemistry

of  nucleic acids, they can follow from selection! 

Existing language of  statistical physics seems to be not suitable

to describe this multilevel dynamics! 
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