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Farbladung — Ladung der starken Wechselwirkung
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Starke Wechselwirkung
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Hinweis 1: Existenz von A** und Q

(Gell-Mann 1972, Fritzsch 1973)

— P
Q ~ sss \|I(X1,X2,X3)
\ J \U J
Y Y
S=3/2 L=0

symmetrisch

Pauli Prinzip =» die 3 Quarks durfen nicht identisch sein

Farbladung bietet einen Ausweg

- 1
Q = e €apy sisg s? W(X4,X5,X3)
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Hadronen invariant unter SU_(3)

Farbladungszustande (z.B.): rot, grun, blau
SU.(3): Rotationen im Farbraum
Hadronen: Farb-Singulett-Zustande

Baryonen: qqq + qqq + qqq — qqq — qqq — qqq
Mesonen: qq + qq +qq

@ @ @ & @

"Farbe" - weil weiB = rot + griin + blau

...aber nur fur Menschen
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Hinweis 2: e*e— Annihilation

Erwartung ohne Farbe:
c (e*e- —» Hadronen) _ Q2+Q2+..= <
u d ann

c (e*te~ — Myonen)

Erwartung mit Farbe:

R=Qz2+Qz2+Qz2+Q2+.. (3 x mehr)
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world data, PDG 2008
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Messung: konsistent mit Farbe
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Hinweis 3: Verzweigungsverhaltnisse im t-Zerfall

Voo  Vus down

Erwartung ohne Farbe mit Farbe PDG
T~ — eV, 33% 20% 17.9%
" US,V, 33% 20% 17.4%
" — ud 33% 60%
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Hinweis 4: Drell-Yan-Prozess

b} y
d*e 4o

é;'wldx]:' B 3M¢ |

§ T2 9 rhi(x)) fh2x,) + MR x,) £22(x,)]

I' :'5:1 '1'_ IE

Nur 1/3 von den Quark-Antiquark
Paaren haben die passenden Farben
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CDF note, Feb-2008
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Boson Rapidity

Rechnung mit Farbfaktor stimmt mit dem Experiment uberein
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Hinweis 5: 700 - Zerfallsbreite

K. Huang, Quarks, Leptons and Gauge Fields
Goity et al., Phys. Rev. D 66:076014, 2002

T(w)~ 3[(2/3)> —(1/3)?]
[(n%— yy) = (a/F_)* (M_/4/n)’ + ...
['(n%— yy) =8.10 eV £ 1.0%
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Primakoff-Effekt PrimEx-Experiment, JLab, 2008
do/dO ~ r(nO_).Y,Y) Preliminary n° Photoproduction yield ('>C, crystal only)
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Rechnung mit Farbfaktor stimmt mit dem Experiment uberein
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Farbladung nachgewiesen

A**und Q existieren
e*e-— Hadronen 3 x hoher
t — Hadronen 3 x hoher

qg-Annihilation in DY 3 X niedriger

a kO bdD-=

n’— yy Rate 9 x hoher
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BACKUP




Farbladung — Ladung der starken Wechselwirkung

PROPERTIES OF THE INTERACTIONS

Interaction L St
Property Gravitational o :
undamenta

Eatce Sxnerendng: “ Quarks, Leptons Electrically charged Quarks, Gluons m
Patticles diting; w+ w- 70 Y | Glons | Mesons |
0.8 25

: |y
Strength relative to electromag [ 10718 m 10-41 Not applicable
for two u quarks at: e 10-41 60 to quarks
for two protons in nucleus 1636 th):, ig%lrl;ibsle 20

f .
BOSONS in-o.1.2. ..

Unified Electroweak spin = 1 Strong (color) spin =1

Mass Electric Mass Electric
Name

fame GeV/c2  charge GeV/c?2  charge
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FERMIONS

Leptons spin

Flavor

p_ electron
€ neutrino

€ electron

Mass
GeV/c2

<1x10-8

0.000511

= 1/2

Electric
charge

matter constituents

spin = 1/2, 3/2, 5/2, ...

Quarks

Flavor

U up

d down

Approx.
Mass
GeV/c?

spini=:1/2

Electric
charge

muon
M neutrino

L muon

<0.0002

0.106

C charm

S strange

tau
T neutrino

T tau

<0.02

1.7771

t top

b bottom
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Mesons qq

Mesons are bosonic hadrons.
There are about 140 types of mesons.

Quark Electric Mass
content charge GeV/c?

Symbol Name Spin
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Baryons qqq and Antibaryons qqq

Baryons are fermionic hadrons.
There are about 120 types of baryons.

Quark Electric Masis2 Spin

SR | L content charge GeV/

proton

anti-
proton

neutron

lambda

omega
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Standard Model of

FUNDAMENTAL PARTICLES AND INTERACTIONS

The Standard Model summarizes the current knowledge in Particle Physics. It is the quantum theory that includes the theory of strong interactions {quantum chromodynamics or QCD) and the unified
theory of weak and electromagnetic interactions (electroweak). Gravity is included on this chart because it is one of the fundamental interactions even though not part of the “Standard Model.”

matter constituents
spin = 1/2, 3/2, 5/2, ...

FERMIONS

electron
neutrino

muon

: <0.0002 0
neutrino

C charm

muon 0.106| -1 S strange

iAo <0.02 0
no

1.7771 -1

Spin is the intrinsic angular momentum of particles. Spin is given in units of R, which is the
quantum unit of angular momentum, where fi = hi2r = 6.58x10725 GeV 5 = 1.05x1073 J 5.

Electric charges are given in units of the proton’s charge. In Sl units the electric charge of
the proton is 1.60x1077% coulombs.

The energy unit of particle physics is the electronvelt (eV), the energy gained by one elec-
tron in crossing a potential difference of one volt. Masses are given in GeVic? (remember
E = mc?), where 1 GeV = 10% eV = 1.60x10-? joule. The mass of the proton is 0.938 GeVfc?
= 1.67x10"2 kg.

proton

anti-
proton

neutron| Udd

lambda | Uds

omega | 555

Matter and Antimatter

For every particle type there is a corresponding antiparticle type, denot-
ed by a bar over the particle symbol (unless + or - charge is shown).
Particle and antiparticle have identical mass and spm but opposite
charges. Some electrically neutral bosons (e.qg., 2% v, and 7, = ¢f, but not
K9 = dg) are their own antiparticles.

Figures

These diagrams are an artist’s conception of physical processes. They are
not exact and have no meaningful scale. Green shaded areas represent
the cloud of gluons or the gluon field, and red lines the quark paths.

‘

Structure withi
the Atom

Neutron
and
Proton
Size = 10-15m

and the

PROPERTIES OF THE INTERACTIONS

Electric Charge

Electrically charged

Gluons

25
60

Not applicable
to hadrons

hadrons

quarks &
gluans

hadrons

iding at high &

Color Charge

Quarks, Gluons

hadrons

force carriers
spin =10, 1, 2,

BOSONS

gl

Color Charge

Each guark carries one of three types of
“strong charge,” also called “color charge.”
These charges have nothing to do with the
colors of visible light. There are eight possible
types of color charge for gluons, Just as electri-
cally-charged particles interact by exchanging photons, in strong interactions color-charged par-
ticles interact by exchanging glucns. Leptons, photons, and W and Z bosons have no strong
interactions and hence no color charge.

Quarks Confined in Mesons and Baryons

One cannot isolate quarks and gluons; they are confined in color-neutral particles called
hadrons. This confinement (binding) results from multiple exchanges of gluons among the
color-charged constituents. As color-charged particles (quarks and gluons) move apart, the ener-
gy in the color-force field between them increases. This energy eventually is converted into addi-
tional quark-antiquark pairs (see figure below), The quarks and antiquarks then combine into
hadrons; these are the particles seen to emerge. Two types of hadrons have been observed in
nature: mesons gg and baryons gqq.

Residual Strong Interaction

The strong binding of color-neutral protans and neutrons to form nuclei is due to residual
strong interactions between their color-charged constituents. It is similar to the residual elec-
trical interaction that binds electrically neutral atoms to form molecules. it can also be
viewed as the exchange of mesons between the hadrons.

Hadrons

Mesons

The Particle Adventure
Visit the award-winning web feature The Particle Adventure at
http://ParticleAdventure.org
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@ Stabchen: hell/dunkel, empfindlich, Bewegung, Rand, blau
@ Zapfen: Farben, Auflosung, rot

@ Mensch: Trichromat — 3 Typen von Zapfen, rot, grun, blau
@ Hund: Dichromat — 2 Typen

@ Vogel: vielleicht 4 (UV)
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