World of Particles Particles Thomas Gajdosik

Particles of the Standard Model:

1. reminder about the particles

e from the historical introduction

2. the ordering principle

e example: electron and neutrino

3. the systematics
e extending the ordering to all fermions

e counting the degrees of freedom

4. overview
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@ the positron

Discovery

1897 1932
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@ the neutrino - theory prediction

Pauli::™

‘neutron’

Beta-minus Decay
Carbon-14 Nitrogen-14

B Antineutrino Electron
- @8 + o + o

6 protons 7/ protons
8 neutrons / neutrons

1897 1930 1956
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Reminder: Are symmetries perfect?

* violation — but maybe a symmetry?
o
® O ®
right-handed left-handed left-handed
anti-neutrino anti-neutrino neutrino

e there is no left-handed anti-neutrino, but there is a left-
handed neutrino (and only a such-handed!)

e obviously, this violates | -symmetry (Charge conjugation, the
symmetrie between matter and anti-matter)

e BUT: the combined symmetry transformation (exchange
matter/anti-matter plus mirroring) works:

@ D @

right-handed
anti-neutrino

left-handed
neutrino
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Ordering principle:
discreet symmetries

o Parity
— left-handed or right-handed

° Charge Conjugation

— particle or antiparticle

o Charge or Flavour

— possible values:

° Generation

— first — second —
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Particles of the Standard Model:

left right

particles

antiparticles
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@ the proton — the atomic nucleus

THOM SON

RUTHERFORD

1897 1914
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@ the neutron

1897 1932
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partons / parton model
Richard Feynman 1969

a hadron is composed of point-
like constituents, called 'par-
tons’'. The number of partons de-
pends on the probing energy =
parton distribution functions

- JON-NO

.. 1955 1969
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Particles of the Standard Model:

left right

particles

antiparticles
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1897 1935 1947
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Particles of the Standard Model:

left right

particles

antiparticles
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@ the muon

Raby: "Who ordered that one?”

Spark_Chamber:

1897 1936
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Particles of the Standard Model:

left right

particles

antiparticles
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strange particles

: . K: Rochester
Pic du Midi and Butler
(Univ. of Manchester)

A: Hopper
and Biswas
(Univ. of Melbourne)
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Particles of the Standard Model:

left right

particles

antiparticles
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antineutrino

Cowan—Reines neutrino experiment

Savannah River Site

I:‘E:::I

1_‘:_+;:r—- n+ et

o SO yr
y ——Bhamngah River vy - "
e i {38

{\g}*ﬂ v, from
Simg reactor

used the antineutrino flux from the
nuclear reactors of the Savannah
River Site (South Carolina).
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Particles of the Standard Model:

left right

particles

antiparticles
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muon neutrino

the Alternating Gradient Synchrotron (AGS)

1962

Leon Lederman

Melvin Schwartz
Jack Steinberger

use the pions and kaons of the
AGS. These dacays produce also
(anti)neutrinos; with a similar setup
like the Cowan—Reines experiment they
detect muons, but no electrons

= the neutrinos coming from pions and
kaons have to differ from the neutrinos
coming from the reactors.

N 1962
M
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Particles of the Standard Model:

left right

particles

antiparticles
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charm quark: J/

SLAC with detector complex at the right (east) side

- T e B - b33
e ':‘f:l_.' & .-';. .'.._-rl_.__}‘.-l . T A8 < = - & ___ T
¥ . . = —

Burt Richter (SLAC)
Samuel Ting (BNL)
1974

00O
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Particles of the Standard Model:
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7 lepton

Martin Perl

(SLAC-LBL)
1975 o \

e using Mark I -
(SLAC-LBL Magnetic Detector) = T . ‘ IL .

— first 4n-detector

e comparing signal
to background

=N -NNO

.. 1955 1975
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6 bottom quark: Y

DETECTORS

background suppression
and computer aided sta-
tistical analysis lets the
Fermilab E288 experiment
discover the Upsilon meson
1974

©0 00

.. 1955 1977
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Particles of the Standard Model:
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top quark
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Particles of the Standard Model:
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tau neutrino

Discovery by the DONUT collaboration (E872 Fermilab)

Creating a Tau Neutrino Beam

Beam of Tunislen Tau Magnets Shielding

high-energy blocl nautrinos

protans and other
particles

™~

Remove all particles but neutrinos

Proton hits| The tau lepton
tungsten decays, producing
nucleus a tau neutrino

Incoming

proton Tau neutring

Some particles
produced in collision
decay into tau leptons

Neutrino To DONUT
am detector

Beam Dump Sweeping Magnets

Passive Shielding

Thomas Gajdosik

Target Area

N

\J

DONUT Detector

Identification of
muens coming from
tau decay

Calorimeter determines
energy of decay products

Drift chambers record
decay particle tracks

Magnet spreads tracks
of charged particles

Emuision target
with planes of
scintilation fibers

block particles
other than

Steel shield to
neutrines

DONUT Detector for
direct observation of
tau neutrinos (V)
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Particles of the Standard Model:
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BWA neutrino oscillations
1957 predicted by B. Pontecorvo

' Super—

i oo | Super Kamiokande (SK)

RO | AN announces first experimental
evidence for atmospheric
neutrino oscillations in
1998

Sudbury Neutrino Ob-
servatory (SNO) pro-
vides clear evidence of
neutrino flavor change in
solar neutrinos in 2001

only then the solar neu-
trino puzzle was solved

1998 2001
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Neutrino oscillations: > @ > @

% Solve the solar neutrino puzzle

-=» Neutrinos have a tiny mass
s there exist also right-handed neutrinos @)

v but they have
Y ho charge, no hypercharge, and no color

|—> Nno interaction except the mass-term

-» theilr existence does not change
(the predictions of) the Standard Model !
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