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Ubersicht Teilchenentdeckungen
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Entdeckung von Pion und Myon
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Entdeckungs des Positrons

1932: Anderson entdeckt das Positron
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(systematische Durchmusterung von Nebelkammer- Q=+le, m, i 5_11 keV/es, Spin =72,
aufnahmen von Teilchenspuren, die durch Héhenstrahlung stabil (im Vakuum), ==

erzeugt wurden, pos. geladen, grolie Reichweite, # Proton)
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Nachwels des Elektron-Neutrinos

1956: C.L. Cowan und F. Reines,
Neutrinoquelle: Kernreaktor (Savannah River, South Carolina, USA)

Nachweisreaktion: Inverser p-Zerfall Vo.+p >n+e’

Abstand zum Detektor: 11 m, Neutrinofluss: 5-10"2 cm sec’!

Detektor: Fllussigszintillator mit Photomultiplier

- Promptes Signal: e* +e — yy
— Verzégertes Signal: n + 108Cd — 109Cd* — 109Cd + v

Das erste Neutrinosignal

511 keV

Scintillator

I m




Nachwels des Elektron-Neutrinos

Clyde Cowan (far left) and Fred Raines (far right) with their
team on 'Project Poltergeist’, the prototype neulrino detector
that demonstrated the potential of the tachnique thay had chosen.

The detector itself - a 300-litre tark of liquid scintillator,
surrounded by 90 phototubes. Before this, 20 lires of liquid
had seemed a large volume!

(Los Alamos National Labaoratory)



Nachweis: Myonneutrino <> Elektroneutrino
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The principle of the first high-energy neutrino experment at Brookhaven was to create the neutrinos n the decays of pions produced when
protons in the accelerator struck a target of berylium. Large amounts of steel shielding in a wall 13.5 meters thick absorbed both the mueons
produced and the remaining pions. allowing only the neutrinos to penetrate to the 10-tonne spark chamber.

Steinberger (links),
Ledermann (2ter von rechts),
Schwartz (rechis) et al.




Nachweis: Myonneutrino <> Elektroneutrino

Me! Schwartz standing i front of the 10-tonne spark chamber used in the two-neutrno experiment’. Each of the ten modules contains
1 ton of aluminium i the form of nine plates which are 2.5 centimeters thick and separated by a gas-filed gap of 1 centimeter. High
voltage across the plates causes the gas to spark along the tracks of charged particles, which, in this time-lapse picture, are cosmic

rays. (Brookhaven National Laboratory.)




Entdeckung von seltsamen Teilchen: KO2>n+n-
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Figure 1.8 The first strange particle, Cosmic rays strike a lead plate, producing a K",
which subsequently decays into a pair of charged pions. (Photo counesy of Prof. G. D.
Rochester. Reprinted by permission from Narure 160, 855, Copyright € 1947, Macoillan
Journals Limited.)




Entdeckung des Omega-

1964: Brookhaven, AGS-Beschleuniger
80 Zoll Blasenkammer, flussiger Wasserstoff

Beobachtung der Reaktion K-+p » K K* O

Strangeness S = -3, (sss), Kaskadenzerfalle
Neues Teilchen, m(Q) = 1.672 GeV/c?
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Ubersicht Baryonen

BARYONS (Spin §)
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Ubersicht Mesonen

PSEUDOSCALAR MESONS (Span 0)

I Meson ﬂ Quark content G-rpr Mass Lifetime 1 Principal decays
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Hadronmultipletts
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Quarkmodell

THE MESON NONET

THE BARYON DECUPLET
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Quarkmodell

Quark Antiquark
Fig. 24 SU(3) quark and antiquark multiplets; Y = B + S.

VAL
/N
FEX Y
£___\ - /
su sd
3® 3 = 8 ® 1
(a) (b)

Fig. 2.5 The quark content of the meson nonet,
showing the SU(3) decomposition in the /3, Y plane.




Quarkmodell
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Fig. 2.6 The qq SU(3) multiplets; 3 ® 3 =6 & 3.
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Fig. 2.7 The qqq SU(3) multiplets; 3@ 3@ 3 =109 8@ 8 @ 1.
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Quarkmodell
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Fig. 2.8 Ground-state baryons: (8,2) + (10, 4).




Entdeckung des J/Psi
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Entdeckung des J/Psi

Beobachteter Zerfall " — J/p n*n — efe n'n
(aus Ref. [8])

TABLE 5.7 Charmonium states and decay modes  (aus Ref. [8])

State Mass, MeV Fh:a I, MeV Branching ratio
J/(3100) 3097 + | 17,0 0.063 Hadrons 867,
[mostly (Zrn + 1)r]
eve” T
pniu 7%
W(3700) 3685 + 1 17,0 0.228 v+ 2n 50,
1+ 212
ete 0.9%

ptu 0.9%




Mesonen im 4-Flavour-Quark-Modell
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Fig. 212 The 16 meson states made from u.d.s, ¢ quarks, plotted in (/,,Y’. C) space
with Y’ = ¥ - £C. Some members of the /” = 0~ multiplet are indicated.




Baryonen im 4-Flavour-Quark-Modell




Entdeckung Tau-Lepton mit MARK-l am SLAC

1975: Stanford Linear Accelerator Center, SLAC, M. Perl
Studium von e*e Kollisionen mit dem MARK-| Detektor am

Speicherring SPEAR (Strahlenergie 4 GeV)

EVIDENCE FOR ANOMALOUS LEPTON
PRODUCTION IN e+ - e  ANNIHIIATION®

Entdeckung eines neuen, schweren Leptons
Tau-Lepton, m(t) =1.78 GeV/c?

Y Short-Lived, Unsssn 7

et+e — 1t -

SIAC-PUB~1626

LB~
August 1975
(x/s)




Entdeckung des Upsilon am Fermilab

=
) {
-
-
o
&
S 10°%
s
|
m "
'S | 1 1 1 1
p) 4 6 i) 10 12 14 18
M GeV
Fig- 516  First evidence 10/ the upsiion sesonances 30 1, obtoimed by Merb s al (1977) Irom L' Ledermann et al-;
the spectrum of muon pairs observed n 400 GeV proton nuelous collisions at Formy lab, noar Fermilab (1977)
Chicago The enhancement diue 10 thase meonances slancs aut agains: tha rapdly falling

cantinusum background (aUS Ref. [8])



EXPERIMENTAL OBSERVATION OF ISOLATED LARGE TRANSVERSE ENERGY ELECTRONS
WITH ASSOCIATED MISSING ENERGY AT Vs = 540 GeV

UA1 Collaboration, CEKN, Geneva, Switzerland
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M. Schumacher Kern- und Teilchenphysik — Kapitel 5: Grundlagen der Teilchenphysik Freiburg SoSe 2010



Entdeckung des W mi UA1 Am SPPS bei CERN

EVENTS  WITHOUT JETS
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Nachwels des Z-Bosons bei UA2 am SPPS bei CERN

CERN-EP/83-112
August 11lth 1983

EVIDENCE FOR 2° - e'c”™ AT THE CERN pp COLLIDER

The UA2 Collaboration
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Nachweis des Top-Quarks 1994
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Nachwels des Tau-Neutrinos

Observation of Tau Neutrino Interactions
Creating a Tau Neutrino Beam

DONUT Collaboration

December 14. 2000
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Nachwels des Tau-Neutrinos

Prinzip des v, Nachweises

FL. =4535pum 4
v-‘ -*.
Ok = 93 mrad »
p >29'; GeVie S
pr >0.27*33 GeVie )
4 >

Eins der vier registrierten Ereignisse
(DONUT-Kollaboration, Jul. 2000)




Nachwels des Tau-Neutrinos

F.L.=4535um

F.L.= 280 pm
Bk = 90 mrad

F.L. = 1800 um
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Ubersicht Wechselwirkungen bzw. Krafte

Typical Typical Typical
Interaction Range Lifetime Cross Section Coupling
(sec) (mb) o
Strong 1F = ml 10~ 10 1
Color eg,A - pm e.g.,mp = 7P
confinement
range®
Electromagnetic . oo 10-* ~107 1073 10°°
eg.m’—>vyy  eg,yp—pr’
2 — Ay
1 :
Weak M, with 107" or 10~ 1! 10°°¢
longer
My = 100m, eg,= = nw-  eg.,vp — ¥p
T vp = p pm’

*“van der Waals” manifestation of massless gluon exchange (see end of Section 1.5),



