Qeduc%iomsm VS Bom‘:stra‘b X

oce 'blnimgs £ alwajs maode
o{: Hqimas e|€me h—ko\ra,

Slava Igj chkov

I.H. E.S. Bures - Sur- Yvette
ENS Poris

Occam |ecture ,  Mectou Co(/e,a,a, ; Ox‘fora‘. 30.04. 208



. Covlue,c-\'iov\ «@e—EWM ™MLICCO SCOp I C 2 maq*osc,ola\ C

— arckide \>\«13$'\CS
condensed matlec
—  ctotistical rk:jsicS

'/l oW do we think aéowl.’ vk ?
L—) ’Boojcs-\mla



’rra,o\(-h o\naezj .

Ever henomenon oc Za«w a’f ijsics
at ¥ AASEGV\CL &7

Las on‘a'\v\ act fome microsw)ofc scalé

a =4

"Undersband " ~ io‘en{—'\-fg microscopic  orig i

M{CROSCOPIC  MODEL



Cowl-ev\saoq mattes exonmple

e

e -0

Maane,t

y 4 4
S
y ¢ %

(3

\ind 3 v%&ua\ eleckroac
mafa'nﬂ.“c'\c Moments



Seme othec porticles
/ are /proo(uc d

= -
collide some é}a rficle ¢

// / (es. protons LHC)

\/\/)) at ate (micl’OSor,(c,> ov&g‘m; o'f these }Vroc@;a ?



Egemen{'ar? /bAe/’lamena .

comforz‘aé/{ +o acce/a-[— them as -/—Afy aré
ahc/ mf /00k 743;- %urfher ex/b/ana'éiom

(ha r:’?araus O/Q_F‘-W-{;Oh>

E j e’ec'trom.,



S‘ﬁandaraé

Model(

of

/Dﬁ r‘f\‘c/e

Physies

mass - =2.3 MeV/c* =1.275 GeVic* =173.07 GeVic* 0 =126 GeV/ic?
charge » 2/3 u 213 C 23 t 0 0
spin = 172 4 12 4 12 v 4 1 0 0
Higgs
up charm top gluon boson
=4 8 MeV/c* =95 MeV/c* =4.18 GeV/ic? 0
-3 d 113 S 113 b 0
12 r 112 4 12 'y 1 ”
down strange bottom photon
0.511 MeV/ic? 105.7 MeV/ic? 1.777 GeVic? 91.2 GeVic?
-1 -1 -1 0
12 e 12 u 12 T 1 3
electron muon tau Z boson
W <2.2eVic? <0.17 MeV/c? <15.5 MeV/ic* 80.4 GeVic?
= 0 0 0 1
— 'I a 'I ). W
;‘_J 12 ve 12 12 1 w
o
electron muon tau
“ ' neutrino neutrino neutrino W boson

_ |7 elementa ?, /bar'fic/es

( cf.  unstable
Mendeleev

hucle;

table >



Meson Summary Table

Composite particles

See 2lso the tadle of suggested @@ quark-model assignments in the Quark Model section,
© Indicates particles that appear in the precedeg Meson Summary Table. We do not regaed the other entries as being established.
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Baryon Summary Table

This short 1able gives the same, the quantem numbers (where known), and the states of baryons in the Review. Oaly the baryoes with 3- or
4-star status e included in the Baryon Summary Table. Due to isudlicient data or uncertain isterpretation, the other entrses in the table
are not established baryons. The names with masses are of baryons that decay stroagly. The spin.parity J (when known) is given with each
particle. For the strongly decaying particles, the J7" values ace considered to De part of the naaes.
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Existence & certain, and propertiss are at least fairy wel explored.

¢ Existence ranges from very fkely 10 centain, but further conirmation is desirable and/or
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**  Evidence of existence s only fair.
* Evidence of existence is poor.
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“Nuclear democracy”

Geoffrey Chew, 1960

What if all, infinitely many, particles are equally fundamental?
(or 27“”:7 Corn/oosite)

where do you start?
12/22



Theory based on consistency

¢ Traditional theory:

if you see a particle A and patrticle 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.

Axioms. “BOOTSTRAP”

13/22



Mathematics analogy: prime numbers
2,3,5,7,11,13,...

¢ infinitely many
e equally fundamental

e eclementary constituents:
every number is a product of primes

14/22
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Demise of “Nuclear democracy”

o After 10 years, it was understood that
Chew’s idea for particle physics was not correct

e Elementary constituents do exist. Quarks were
experimentally observed in ~1970

Microscopic approach won.

Philosophically... 15/22
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Discontinuous transitions are more common

iIce melting water boiling

These are discontinuous transitions
(45% oro{e/r)
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FLUCTUATIONS AT SCALES

- MAGNETISATION FLUCTUATIONS
(SVAPSHOTS ©F A SiMULATION AT 2 D/IFFERENT 7iMES )
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— Scare (& CONFORMAL) INVARIANCE



- DENSITY  FLUCTUATIONS v LiQuiD
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CORREL ATIiON FUNCTIONS FOR DENSITY FLUCTUATIONS

/ average  over +time (or {hi::(&-bherma(
)
< s S o

T deviation  From avere3e density

Csp(R) & (R)y ~ —22 (177> a)

/ EEE / intermolecular
distance
critical .é,K/wneh,f
A = 0.5184489/10) UNIVERSA L

(same  FOR  ALL
Li&u@s)



SIMiLARLY IN MAGNE TS .

CM(T) M (72) > ~ const Same  A!
5 — 7%

o CRITICAL PoinT OF WAT € R
= CRITICAL POIMT  OF UNIAXIAL MAGNET

o CONFORMAL FIELD THeEORY —
Ri&iD MATHEMATICAL STRUCTURE BEHIND  THIS
" CRITiCAL UNIVERSALITY’
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Infinitely many fluctuations types

Continuous transition =
infinitely many superimposed fluctuating “layers”

Each layer = separate fluctuation type, all equally fundamental

20/22
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Bootstrap at work

Infinitely many fluctuations E;(/De rimentally
—  verifiafle
+ consistency conditions }bre dictions

Chew’s ideas found second life in condensed matter physics
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Alexander Polyakov
(Gauge Fields and Strings, 1987)

“The garbage of the past often becomes
the treasure of the present
(and vice versa)”

22/22



