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Was ist Teilchenphysik?

Demokrit (ca. 400 v.Chr.):

»Alle Dinge bestehen aus kleinen,
unzerstorbaren Teilchen und aus leerem Raum*
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Fragen:
* Was ist Materie? ,Erforschen, was die Welt
« Wie entsteht Materie? im Innersten zusammenhalt“

* Was halt Materie zusammen?



Das Standardmodell der Teilchenphysik
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Vom Kleinsten zum GroBten

Structure withi
the Atom

Verstandnis der Welt Quark
bei kleinsten Abstanden

1018 m

Verstandnis der Welt
bei kosmischen Abstanden

102 m

Entstehung und Entwicklung
des Universums




Warum hohe Energien?

¢ Um neue, schwere
Teilchen zu erzeugen

¢ Um kleinste Strukturen
sichtbar zu machen
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Teilchenphysik = Hochenergiephysik
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CERN in Genf...

Suche nach bisher unentdeckten
Teilchen (z.B. das Higgs-Boson)

Prazisionsmessungen
(Selbstkonsistenz?)



Teillchendetektoren

Teilchen werden mit hoher Energie aufeinander geschossen.

Detektoren weisen Kollisionsprodukte nach.




Was macht der Teilchenphysiker/
die Teilchenphysikerin?

® Analyse von Daten
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Entwicklung und Bau von Detektoren

Die groBen Teilchendetektoren kdnnen nicht von einer
Gruppe alleine aufgebaut werden.

—_—g-  (GrofRe internationale Kollaborationen
(~50 - einige 1000 Mitglieder)

Einzelne Institute sind verantwortlich fir
einzelne Detektorkomponenten.
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Collaboration!






Computertechnik

Detektoren mussen riesige Datenmengen
Verarbeiten und speichern
(viele 1000 Terabytes/Jahr fur LHC-Experimente)

- — GroBe und schnelle Computernetzwerke
— Aufwendige Speicherung der Daten
— Datenkomprimierung notwendig

Configuration

33 sub-detectors =
partitions

Control

~ 1000 Read-Out V)
Driver

Information
Sharing

EVENT BUILDER (EB)

FILTER

DATA STORAGE DCS = Detector Control System




Standard Model of

FUNDAMENTAL PARTICLES AND INTERACTIONS

The Standard Model summar zes the current knowledge in Particle “hysics. It is the quanturr thzory that indudes the treory of streng interactions (quantum chromadynamics or QCD) and the unified

sugh not pert of the “Standasd Model."

BOSONS

theury of weak and vlectrormagneic interaclions (electroweak). Gravity is indludec on this cherl because itis ume of the Tundamenta intersc iz ¢

FERMIONS & 2'255 %0,

force carriers
spin:=0,.1,.2,....

Structure within
the Atom
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Color Charge
Each quark carivs ane of three types cf
“strong charge,” also called “enlor charge.”
These charges have notming to cc with the
colurs of vis ble lighl. Thes are esgh. possible
types of color charge for gluons. Just as slectri-
Neutron cal ycharged particles intersct by excharging photors, in strong interactions woler-charged par-
and tirles interact by exchang ng gluons. Leptong, phatens, and Wane 2 hosons have 5o strong
interaction: and hencz no colcr charge
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Size « 10 “m
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Proton
T tau 1.7771 jze 10 15 m Quarks Confined in Mesons and Baryons
Atom Une zannot isolate quarks ard gluens; thay zre confinad i~ color-ne.tral particles called
Size = 10710~ hadrons. Th's confinernent (binding) results from multiple exchanges o° ghsons amonyg the

Spin i the imtrinsic angular momentum of porzicles, Spir is given in units o R -vhnch is thc color-cherged constituents. As color-charged pzrticles (quarks and gluons) move apart, the ener-
quantum uni. of angular momzntum, where 5 = (W2x = 658107 GV s = 1.0521073 gy in the cclor force ficld cotweoen them increazes. This energy eventuslly is corwverted into addi

tivnal yuark-antiquark pairs (see ligure below]). Tre quarks and anticuarks then comtine into
Elactric charges aru given it units of the proton's charge, 1n S1units <he electric charge of hacrons: these ars the partic es se2n to emerge. Iwo types of had-ons have been czservad in

the prazon is 1,60 271€ celomis

T e energy unil o particle phys s is the electrunvo LieV), Lhe erergy gainsd by coe slec-
tron in crossing & potentizl difference of cne voht. Masses are given n Gawic? (rememba
£ = mcd), where 1 GV = 109 oV = 1606107V jou ¢, The mass of the proton is 0,938 Golicd
=1.67210- ky.

nature: mesons G a~d baryons oqu

Residual Strong Interaction

Trc strong binding of color newtral protons and neutron: to form nudci is due e rcsidual
strong inleractives belween their tolos-chargsd const tuents, 1L simitar Lo the residual elec
trical interactio ~ that binds electr zally neutral atoms o forr molecu es. It can =lsa be

viewed a5 the exchange of mesons between the hadroens

PROPERTIES OF THE INTERACTIONS
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Mass — Energy Flavor Electric Charge Color Charge
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Not applicable
to hadrons

The Particle Adventure
Wit the awerdwinning voeb fesiure The Farodfe Adventure al
http://ParticleAdventure.org

Matter and Antimatter

For every partizle type thers & a corvesponding antiparticls type, denas-
e by ¢ bar aver the paricle symbo {unlzss + or - <harge is shown),
Partide and zntipa-ticle have identical mass and soin but opposite
charges. Soms elzctrically neutral kosons (e.9., 2% v, ard v, = ¢€, but nct s 3 . cuarks &
KO S are it own as L parlices, ) " gluans

hadrons . -
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Figures

Trese diagrams are an artist's conception of physical procasses. They are
not exact and have o meanicgtul wale. Gresn shadsd areass represent
the clo.d of gluors or the gluo~ fiekd, and red 'ines the quark patns.




