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A philosophical statement

Knowledge begins, so to speak, in the 

middle, and leads into the unknown - 

both when moving upward, and when 

there is a downward movement. Our 

goal is to gradually dissipate the 

darkness in both directions, and the 

absolute foundation - this huge 

elephant carrying on his mighty back 

the tower of truth - it exists only in a 

fairy tales (Hermann Weyl)



The world is hierarchical

 

In biology:

Each next level of  organization

Is essentially different from the

Previous one 
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The world is hierarchical II

 

But also in physics, e.g., in magnetism:

Electronic structure → Effective spin

models → Atomistic spin simulations

→ LLG equations and micromagnetism

From ab initio calculated magnetic interactions

to simulations of  complicated magnetic domains

in CrBr3



Two ways of thinking

I. Reductionism (“microscopic” approach)

Everything is from water/fire/earth/gauge 
fields/quantum space-time foam/strings... and 

the rest is your problem

II. Phenomenology: operating with “black 
boxes”



Microscopic vs phenomenological 
approaches 

Made by Google Gemini



A very strong argument in favor of
reductionism

The laws of  “the world around us” are usually much more

complicated than the worlds at microlevel

Example: electrification by friction –

historically and pedagogically the first

electromagnetic phenomena – we still

do not have complete understanding!

Maxwell equations for vacuum

are much simpler!



What does it mean for condensed 
matter physics and materials science?

Everything follows from quantum mechanics

plus electrodynamics; QED is enough to explain

all properties of matter around us

That is all. Please tell me why iridium is brittle and platinum is 

ductile, copper is red and silver is white, iron is ferromagnetic

and vanadium is not... Not talking on biochemistry and biophysics!



Does it help?

Navier-Stocks equations:

Turbulence is here!

Can you explain this?



Is fundamental physics fundamental?

Classical thermodynamics is the only physical  theory 

of universal content  which I am convinced  will never 

be overthrown,  within the framework  of applicability 

of its basic concepts (A. Einstein)

The laws describing our level of reality are essentially 

independent on the background laws. I wish our colleagues from 

true theory (strings, quantum gravity, etc....) all kind of success 

but either they will modify electrodynamics and quantum 

mechanics at  atomic scale (and then they will be wrong) or they 

will not (and  then I do not care). Our way is down

But how can we be sure that we are right?!



Why phenomenology is possible?

The simplest example: Newtonian classical mechanics
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Thanks to third Newton’s law, we do not need to know 

interactions between particles to determine the motion of  

inertia center



A bit deeper example: Renormalizability
In quantum field theory there are “ultraviolet divergences”, that is, all

physical quantities  are divergent due to large energy-momentum contribution 

However, in QED this is not the case, actually: all high-energy processes

can be put in effective parameters (e.g. electron mass and charge), and after

that one can forget on what happens in ultraviolet (Tomonaga, Schwinger,

Feynman, Dyson) - renormalizability

Weinberg-Salam model is also renormalizable

(t’Hooft and Veldman)

Belief: fundamental physical theories should be

renormalizable – but why? 



Fundamental principles of  evolution

Generalized anthropic principle: in the world where fundamental physics is 

not renormalizable fox cannot catch hare and hare cannot escape from fox

without studying first quantum gravity



Renormalizability in condensed matter
and emergent phenomena

Kenneth Wilson

Very successful applications of  idea of  renormalization to 

critical phenomena and to “Kondo problem”

The concept of  “universality classes”: microscopically

different (“ultraviolet” different) systems behave in the

same way at large scale (at “infrared”)

Emergent phenomena



Systems and elements
Much earlier: the concept of  equifinality (e.g. in “general system theory” 

of  L. von Bertalanffy) and attractor (in theory of  classical dynamical systems)

Limit cycle (self-oscillations) Strange attractor (chaos)

Universality classes are related to attractors of  renormalizaton flow

(in the simplest case: just fixed points)



Logical inference approach – a machine
to produce phenomenological theories

Kristel Michielsen, JulichHans De Raedt, RUG

and me



(a continuation)



Logical inference approach – a machine
to produce phenomenological theories II

Traditional approach

LI approach

(1) Start with data sets produced by black boxes

(2) Require robustness of  description (leads to Fischer entropy etc.)

(3) Add physical assumptions (symmetry requirements, correctness 

of  classical mechanics at the average, etc.)

Nonrelativistc QM is not derived from relativistic QM in the limit c →∞, 

They are derived  independently via different choice of  requirements in (3)



Back effect of “physics around us” on 
“fundamental” physics 

The origin of  fundamental constants: how we define electron charge e 

and Planck constant h? 

The most accurate data are

from Josephson and quantum

Hall effects, both are solid 

state 



Back effect of “physics around us” on 
“fundamental” physics II

General relativity theory is fundamental physics

First observation in Earth condition: Pound and

Rebka experiment, long before discovery of  black 

holes etc.

They used Mössbauer effect, another solid-state

phenomenon



Back effect of “physics around us” on 
“fundamental” physics III

Last not least: the concept of  spontaneous 

symmetry breaking

First introduced by Landau in his theory of  second-order phase transitions

Developed and discussed in detail in the context of  superconductivity

Mathematically rigorously studied first by Bogoliubov (“quasi-averages”, or

anomalous averages)

Plays absolutely fundamental role in modern quantum field theory and high

energy physics (Goldstone-Nambu bosons, Higgs boson, the basis of

Weinberg-Salam model, the basis of  Standard Model…)



Should physical theory be 
mathematically beautiful?

It is more important to have beauty in

one's equations than to have them

fit experiment

(P.A.M. Dirac)



Should physical theory be mathematically 
beautiful? II

You can get much further with a kind word and

a gun than you can with a kind word alone

(Al Capone)

You can get much further with an insight from

experiment and mathematics than you can

with mathematics alone

My own experience do confirm this (graphene, Nd, …)



Graphene: Predicted and confirmed



Self-induced spin glass state in elemental 
Nd 



Should physical theory be mathematically 
beautiful? (continuation)

What about fundamental physics itself  (e.g. high energy physics)?

Is Lagrangian of  the Standard Model

beautiful? I think it depends…

Well… it is not fundamental (yet).

Then what? Strings?! 

Experts have different opinion

(mildly speaking)



Should physical theory be mathematically 
beautiful? (personal experience)

Dual fermions A. Rubtsov, MIK, A. Lichtenstein, PRB 77, 033101 (2008)

Simple and beautiful Hubbard model

Simple and beautiful action in 

Grassmann path integral

Functional analog of  Fourier transformation

After integration you have ugly infinite series with terms

expressed in terms of  quite complicated diagrams



Should physical theory be mathematically 
beautiful? (personal experience) II

But:

(1) Very good zero-order

approximation interpolating

between weak and strong 

coupling

(2) Effective computation

algorithms

Transformation of  a beautiful princess to an ugly frog
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Sometimes there are much less

problems with a frog than with a princess…



Concluding statement
The essence of  physics is a historically reached subtle

balance between theory and experiment. In “fundamental

physics” experiments are too expensive and thus too rare,

nothing can really stop a flight of  fantasy of  theorists. In

condensed matter and similar kind of  physics the ratio of

experiment to theory seems to be more healthy. Therefore

I expect more progress for our science in general from there. 

MANY THANKS FOR YOUR

ATTENTION
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