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• Connection between microscopic&may sceptic

- particle physics
- condensed matter
- statistical physics

How do we think about It ?

↳ Bootstrap



Traditionally :

Every phenomenon ,
or law of physics

at distance f

has origin at some microscopic scale

a←l

"

Understand
"

=
"

identify microscopic origin
"

MICROSCOPIC MODEL



Condensedmatterexample

F&ofF←> &**amagnet *&FF
individual electron

magnetic moments



Particles

some other particles
are produced

-
collide some particles

( e.g. protons @ LHG

What are ( microsopic ) origins of these processes ?



Elementary .

-

phenomena .

comfortable to accept them as they are

and not look for further explanation

( no rigorous definition )

E.g .

electron



Standard Model of Particle Physics

- 17 elementary particles
- Most unstable ( cf. unstable nuclei in

Mendeleev table )
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Particle Data Group
Composite particles



Why can reduce to a collection of-

elementary building blocks ?

Better question :

- Could It be otherwise ?



Properties of elementary building blocks

in Standard Model :

1
. pointhike

2
. weakly interacting

[ at least in some regime ]



Proton

a
- At low energies p

- uud + gluons + qq pairs
strongly interacting soup

r
- At high energies 3h

quarks and gluons interact

weakly ( asymptotic freedom) @
Q= Fe

High energy regime -provides
'

boundary condition '

- allows to
say

that quarks exist



Could it happen that

- proton not pointlike
- and yet no elementary weakly interacting

constituents

?
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“Nuclear democracy”

Geoffrey Chew, 1960

What if all, infinitely many, particles are equally fundamental? 

where do you start?

( or equally composite)
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Theory based on consistency

• Traditional theory:  
if you see a particle A and particle B 

it’s because B is made of A 

or because both B and A are made of something else.

• In Chew’s theory:  
if you see a particle A and particle B 

it’s because A could not exist without B and B could not exist without A.


“BOOTSTRAP”Axioms.
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Mathematics analogy: prime numbers

2, 3, 5, 7, 11, 13,…

• infinitely many

• elementary constituents:
every number is a product of primes

• equally fundamental



#viabottrap

• g- meson mediates an attractive force between pious :

K IT

stated
I

I

• so a system of two pins may form a bound state

* identify bound state with if

⇒ gives an equation for gang
,

mg
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Demise of “Nuclear democracy”

• After 10 years, it was understood that 

Chew’s idea for particle physics was not correct


• Elementary constituents do exist. Quarks were

experimentally observed in ~1970

Microscopic approach won.

Philosophically…



PART I

Bootstrap in theory of
CRITICAL POINTS

f-CONTINUOUS PHASE TRANSITIONS )



/2217

Discontinuous transitions are more common

ice melting water boiling

These are discontinuous transitions
( 1st order )



p
PHASE DIAGRAM OF WATER
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F-tTONSATA@SfALE5.MAGNETISATION FLUCTUATIONS :

( SNAPSHOTS OF A SIMULATION AT 3 DIFFERENT TIMES )

- ABSENCE OF ACHARACTERISTIC SCALE

- SCALE ( & CONFORMAL ) INVARIANCE



• DENSITY FLUCTUATIONS IN LIQUID

NEAR CRITICAL POINT :

AT CRITICAL POINT : CRITICAL OPALESCENCE

LIGHT SCATTERS ON

FLUCTUATIONS
'



CFATIONFUNCTIONSFORDENIFLUCTUA.tl '0NS

g average over time ( or over thermal

ensemble )
( sgcr ) > =o

D deviation from average density

const
( Sgl %) sgcr:) > ~ - ( tried > > a)

IF - →rz|2b a

a intermolecular

/ distance

critical exponent

D=

0.5181489/10
) UNIVERSAL

( SAME FOR ALL

LIQUIDS )



SIMILARLY IN MAGNETS :

const
( MCI ) Ma ) > ~ - same A !

IF- rI12D

• CRITICAL POINT OF WATER

= CRITICAL POINT OF UNIAXIAL MAGNET

• CONFORMAL FIELD THEORY -

RIGID MATHEMATICAL STRUCTURE BEHIND THIS
' CRITICAL UNIVERSALITY

'



MORE PRECISELY :

a

( sgcrigogcr :) > = -2,9=1IF - rz→/2Di

Ds :
-

@ a  0

@ O  6

Infinitely many
'

eigen fluctuations ? into which

8g can be decomposed



Twostrages

1. TRADITIONAL

Identify a few '

elementary
'

fluctuating .

quantities to which everything else Is reduced
.

i. BOOTSTRAP

All fluctuation types are equally
fundamental

↳ CONSISTENCY EQUATIONS

FOLLOW FROM CONFORMAL FIELD THEORY
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Infinitely many fluctuations types
Continuous transition = 

infinitely many superimposed fluctuating “layers”

Each layer = separate fluctuation type, all equally fundamental
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Bootstrap at work

Infinitely many fluctuations


+ consistency conditions
experimental predictions

Chew’s ideas found second life in condensed matter physics

Very satisfying…

.

Experimentally
verifiable

predictions
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“The garbage of the past often becomes 

the treasure of the present 


(and vice versa)”

Alexander Polyakov
(Gauge Fields and Strings, 1987)


