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FROM QUARK MODEL TO QUANTUM CHROMODYNAMICS
LSU ) AND FLAVOUR SYMMETRY

L QL]\NTUI\I NUMBERS

ISOSPIN, STRANGENESS AND HYPERCHARGE

Isospin symmetry of strong interaction (pp, pn, nn) and STRANGE
particles — Gell-Mann and Pais interpreted this particles with the
following assumptions:

strange particles — new quantum number= strangeness (S);
m S = 0 for leptons, nucleons and pions;
m S conserved in strong and electromagnetic interactions;

m S not conserved in weak interactions.

GELL-MANN E NISHIJIMA PROPOSED THE RELATION

1
Y=B+S Q:/3+§Y
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MODEL TO QUANTUM CHROMODYNAMICS

FLAVOUR SYMMETRY

010 0 —i 0 1 0 0
M=(100], x=[i 0 o], x=[0 -1 0
000 0 0 0 0 0 0
00 1 00 —i 000
M=|000], xs={00 0], x={00 1],
100 i 0 0 010
00 0 10
A7 = OO—:,)\g——Ol
0 i 0 00

A, k] = 2ify DY
Cartan Subalgebra generators:
Hi=\=15  Hy=1ly=Y
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DEL TO QUANTUM CHROMODYNAMICS

D FLAVOUR SYMMETRY

IGHTFOLD WAY

MESONS
33=198
H2 H2
KO K+ K*O K*Jr
P N |70 ot Hy 0 pO wg p-l- Hy
K~ KO K*= K*0

(a) Pseudosclar mesons J¥ =0 (b) Vectorial mesons J© =1

0 = J(ut + dd + 3) wi = J=(ull + dd + s3)
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QUARK MODEL TO QUANTUM CHROMODYNAMICS

) AND FLAVOUR SYMMETRY

L EIGHTFOLD WAY

BARYONS
33®3=108sP8APD10

H>

S ZO /\0 er H1

Iw
1]
o

n
(c) Octet)” =1

n
(d) Decuplet J* = 2
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ARK MODEL TO QUANTUM CHROMODYNAMICS
) FLAVOUR SYMMETRY

) SYMMETRY BREAKING

GELL-MANN - OKUBO FORMULA

OCTEC MASS FORMULA (BARYONS)

1
mg(l,Y)=a+bY +c [/(/+1) — ZW]

GELL-MANN - OKUBO RELATION

1 1
E(m/\/ +m=) = Z(3m/\ + my)
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FROM QUARK MODEL TO QUANTUM CHROMODYNAMICS
[

D FLAVOUR SYMMETRY

3) SYMMETRY BREAKING

ELECTROMAGNETIC SPLIT

U-SPIN GENERATORS

Uhi=3x Ua=3X
1 1
U3 S Z(\/g)\g - /\3) S 5(\/5/‘/2 - Hl)
[Ujv Ul = iejkhUh

U-spin conserved in em interactions: [U;, Q] =0V}
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FROM QUARK MODEL TO QUANTUM CHROMODYNAMICS

[

D FLAVOUR SYMMETRY

3) SYMMETRY BREAKING

ELECTROMAGNETIC SPLIT

H.
Uz 2 OCTET OF BARYONS
n

P Q m=m(l,Y)+ém(U, Q)

- A s+ Hy omp =0my+, Oomp=dm=o

5m):— = 6m5_ 9

dmp —dmp =my, —mp,

5m3— — 6mEO = M=— — M=o,

Oms+ —dMy— = My+ — My .

COLEMAN-GLASHOW RELATION

Mmp — Mp + M=— — M=0 = Myg—- — My+
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FROM QUARK MODEL TO QUANTUM CHROMODYNAMICS
L INTRODUCTION TO QCD

LPI’-(JBLEI\IS OF THE STATIC MODEL

PROBLEMS OF THE STATIC MODEL

HADRONIC WAVE FUNCTION

Y= ¢flavourXspin770rbital
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PROBLEMS OF THE STATIC MODEL

HADRONIC

Y= ¢flavourXspin770rbital

Pauli principle’s violation.
Caso ATT:

B L =0 = Nompitale Symmetric
m AT = uuu = Psapore Symmetric
mS= % = 3 spin up = Xspin Symmetric

No free quark observed

Hadrons build with the scheme gg o gqq, but in principle we
can't exclude scheme like gq o gqqq.
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QCD

In the same time — SLAC experiments (Deep inelastic scattering)

PARTON MODEL

Parton model — elastic scattering of elementary particles
Properties = asymptotic freedom, confinament

We need a gauge theory (as in QED)

GAUGE PRINCIPLE

Particles interaction associated with the request of local phase
invariance

It has to be NON ABELIAN to describe experiments!
New degree of freedom — COLOR CHARGE described by SU(3)
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