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.1 Was ist Physik!?

Was ist Physik nicht?



Atlas tragt die Welt

* DIMITRI: “Wenn Atlas die Welt auf seinem
Ricken tragt, auf wem steht dann Atlas?”

« TASSO: “Atlas steht auf dem Ricken einer
Schildkrote.”

* DIMITRI: “Aber worauf steht diese
Schildkrote?”

« TASSO: “Auf einer zweiten Schildkrote.”

* DIMITRI: “Und worauf steht dann diese
Schildkrote?”

« TASSO: “Mein lieber Dimitri, es sind lauter
Schildkroten, bis ganz nach unten!”




WAS ist das?



Hubble Deep Field
Hubble Space Telescope - WFPC2

D6-01a « ST Scl OPO - January 15, 1995 - R. Williams (ST Scl), NASA
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WIE kann man Vorgange beschreiben?




Wo? Wann? Wie oft?
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“At this point we notice that this equation is
beautifully simplified if we assume that
space—time has 92 dimensions.”



Richard P. Feynman

* “Physics Is a
number”
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WAS WIRD geschehen, wenn ...?
Vorhersagekraft einer Theoriel




Kurze Rundschau

uber |4 Milliarden Jahre — von Quarks zum Kosmos



Literaturhinwelse

- Allgemein:
Demtroder 1, Kapitel 1.1 - 1.5
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104 m



Inflationare
Expansion

Krafte
trennen sich

10° Jahre 15-10" Jahre

300 s 300 000 Jahre

Energie 10" Tev 10" TeV 1 TeV

Teilchenbeschleuniger




Dalton 1803-1808
Lehre von den Atomen als
Grundbausteinen der Stoffe

Meyer/Mendelejev 1869-1871
Periodensystem der Elemente
107 Chemische Verbindungen — 112 Atome

Rutherford (1871-1937)
Atome: kompakter Kern mit Elektronenhulle

Bothe, Chadwick, Joliot (um 1932)
Neutronen und Protonen im Kern
112 Atome ————mp 3 Bausteine

Gell-Mann, Zweig (1964)

Protonen, Neutronen, andere Hadronen
Bestehen aus Quarks

>100 Elementarteilchen = 6 Quarks
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Teilchen

grofRRes Molekdl

Atom

Kern

Proton

Quark, Elektron

GrofRe und Struktur

10" bis 107 cm

|

ungefahr 108 cm

|

einige - 107 ¥ cm

ungefahr 10" cm

!

weniger als 107" cm

1

bendétigte Energie

1/10 eines eV
bis zu einigen eV

einige eV

einige MeV
(MeV = 10°eV)

1-100 GeV
(GeV = 10%eV)

mehr als 100 GeV



GRAVITATION:

NEWTON (1642-1727): GRAVITATIONSGESETZ

ELEKTRIZITAT, MAGNETISMUS:

MAXWELL (1831-1879). VEREINIGUNG ELEKTROSTATIK
UND MAGNETISMUS

HEINRICH HERTZ (185794): ENTDECKUNG DER ELEKTRO-
MAGNETISCHEN WELLEN IN KARLSRUHE
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ALLGEMEIN:
« KRAFTE ENTSTEHEN DURCH AUSTAUSCH VON BOSONEN

« SCHEMATISCHE BESCHREIBUNG DURCH FEYNMANDIAGRAMME







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.”
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FERMIONS <in- 172,32, 502, ...

p_ electron
neutrino

€ electron [0.000511

VM lTeuuc;?ino SULL
/L muon 0.106
s ;Zl:.ltrino =0:02
T tau 1.7771

Spin is the intrinsic angular momentum of particles. Spin is given in units of h, which is the
quantum unit of angular momentum, where i = h/2r = 6.58x10725 GeV s = 1.05x10734 J s,

b bottom

Electric charges are given in units of the proton’s charge. In Sl units the electric charge of
the proton is 1.60x10~'% coulombs.

The energy unit of particle physics is the electronvolt (eV), the energy gained by one elec-
tron in crossing a potential difference of one volt. Masses are given in GeV/c2 (remember
E = mc?), where 1 GeV = 109 eV = 1.60x10~'? joule. The mass of the proton is 0.938 GeV/c?
=1.67x10727 kq.
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proton | U ud

anti- Gﬁd

proton

neutron| Udd
lambda| UdS
omega | SSS

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 spin but opposite
charges. Some electrically neutral bosons (e.g., 29, v, and 0 = cc, but not
KO = ds) 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.
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BOSONS in-o0.1.2. ..

Structure within
the Atom
Quark

Size <107 19m

A
u

Electron
Size < 10718 m

Color Charge
Each quark 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-
Neutron cally-charged particles interact by exchanging photons, in strong interactions color-charged par-
and ticles interact by exchanging gluons. Leptons, photons, and W and Z bosons have no strong
interactions and hence no color charge.
Proton

Atom Size = 107> m
Size = 101%m

Nucleus
Size =~ 1014 m

e

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 gq and baryons qqq.

If the protons and neutrons in this picture were 10 cm across,
then the quarks and electrons would be less than 0.1 mm in
size and the entire atom would be about 10 km across.

Residual Strong Interaction

The strong binding of color-neutral protons 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.

PROPERTIES OF THE INTERACTIONS

| Al | Quarksleptons | Electrically charged | Quarks,Gluons | Hadrons |
1041 0.8 1
1041 1
1

10—36

25 Not applicable
60 to quarks

Not applicable

to hadrons 20

070 +
PpP—> YAJ 4 RS UL The Particle Adventure

14, Visit the award-winning web feature The Particle Adventure at
4 http://ParticleAdventure.org

LT This chart has been made possible by the generous support of:

A neutron decays to a proton, an electron,
and an antineutrino via a virtual (mediating)
W boson. This is neutron 3 decay.
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An electron and positron

(antielectron) colliding at high energy can
annihilate to produce B® and B® mesons
via a virtual Z boson or a virtual photon.
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Two protons colliding at high energy can
produce various hadrons plus very high mass
particles such as Z bosons. Events such as this
one are rare but can yield vital clues to the
structure of matter.
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Fritz Zwicky
(1898-1974)
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REINHOLD HENKEL / SPEKTRUM DER WISSENSCHAFT / GERHARD BORNER

vor 25 Jahren

Baryonen: 100 %

heute

Neutrinos: 0,1-6%

Baryonen: 4+1% Hintergrundstrahlung: 0,01%

Dunkle Materie: 29+4 %

Dunkle Energie: 67+6 %
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1.2 Physikalische
Grof3en und Einheiten

nur drei Basisgrof3en: Lange, Zeit, Masse



Tabelle 1.1

Einige typische Langenabstande (GroBenordnung)

Korper Lange (oder Abstand)
Neutron oder Proton (Radius) 10" m
Atom 10" m
Virus (» Abbildung 1.3) 10" m
Papierbogen (Dicke) 1074 m
Fingerdicke 10~ m
FuBballfeldldnge 10?2 m
Hohe des Mount Everest (» Abbildung 1.3) 10* m
Erddurchmesser 10’ m
Erde — Sonne 10" m
Nachster Fixstern 10" m
Nachste Galaxie 1022 m
Fernste sichtbare Galaxie 10%° m

© 2006 Pearson Studium / Tabellen aus Giancoli: Physik, 3. Auflage / ISBN: 3-8273-7157-0



Tabelle 1.2

Einige Massen

Korper Masse
(Naherungswerte)

Elektron 10730 kg
Proton, Neutron 10~% kg
DNA-Molekiil 10~ kg
Bakterium 10~ "> kg
Miicke 107> kg
Pflaume 10~ " kg
Person 10% kg
Schiff 10° kg
Erde 6-10%* kg
Sonne s Y
Galaxis 10%" kg
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© 2006 Pearson Studium / Tabellen aus Giancoli: Physik, 3. Auflage / ISBN: 3-8273-7157-0



Tabelle 1.3

Einige typische Zeitintervalle

Zeitintervall Sekunden (Naherungswerte)
Lebensdauer extrem instabiler subatomarer Teilchen e
Lebensdauer radioaktiver Elemente =22 [ofls 102 ¢
Lebensdauer eines Muon 1075

Zeit zwischen Herzschlagen beim Menschen 10%s (= 15)
Ein Tag 10° s

Ein Jahr 3-107s
Menschliche Lebensspanne 2107
Aufgezeichnete Geschichte (inkes
Menschen auf Erden 10" s

Alter der Erde b s

Alter des Universums 19155

© 2006 Pearson Studium / Tabellen aus Giancoli: Physik, 3. Auflage / ISBN: 3-8273-7157-0



Tabelle 1.4

Metrische Vorsilben

Vorsilbe
exa

peta
tera
giga
mega
kilo
hecto
deka
deci
centi
milli
mikro
nano
pico
femto

atto

Abklirzung  Wert

E 101&
P 108
T 1074
G 10°
M 106

k 103

h 102
da 10

d 10~
C 102
m 105
u 100
n 10~
D 1012
f 10712
a {0l

Tabelle 1.5

BasisgroBen

Grof3e Einheit Abkurzung
der Einheit

Lange Meter m

Zeit Sekunde S

Masse Kilogramm kg

Elektrischer A A

Strom

Temperatur  Kelvin K

Stoffmenge Mol mol

Lichtstarke ~ Candela cd

© 2006 Pearson Studium / Tabellen aus Giancoli: Physik, 3. Auflage / ISBN: 3-8273-7157-0



