Elementary Barticle Physics

1. Quantum world

I1. CERN past&present
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Quest: building blocks of matter
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Very nice, dlear colleague

... but does it also work in theory?
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Particle collisions: cross section




Cross section
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Particle instability
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Lifetime <= life expectation




lifetime

Unstable particles

-> Tiid (s)

Halfwaardetijd: |4 secondea

salij@aq <-

note:

As opposed to
human beings,

decay probability
of an unstable

particle does not
depend on how

long it lived already
i.e. its past history!

Remco Brantjes (NIKHEF)

simple!



Actual experiment: muon (u) lifetime

A http:/fhome.wanadoo. nliroots/z666{_nieuw - muon levensduur.swf - Microsoft Internet Explorer Q@

Muon signaal Muon verval  Vervalgrafiek

Start stopwatch:

Muon enters
the detector.

Stop stopwatch:

Muon decays:
generated electron
trlggers dEteCtor- Remco Brantjes (NIKHEF)
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The 2nd generation of
down quark,
STRANGE QUARK

weighs about the same as

discovered in 19685,

Acerylic felt/ fur with
poly bead fill for

medium mass.




Particle detector: cloud chamber
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Mendeleev revisited!
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Mendeleev revisited!
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Quark model: Gell-mann (1964)




Tau (t) discovery: ete collider
M., = 31553 x10-28 gram




Massa Gevoelig voor:
Lading

Elektromagnetische wisselwerking
Zwakke wisselwerking

Sterke wisselwerking

Gravitatie
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Remco Brantjes (NIKHEF)
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1. Quantization of electric charge?

The NIST Reference on
Constants, Units, and Uncertainty

Fundamental Physical Constants

Constants

Topics: elementary charge

Values E

Energy Valwe 1.602 176 487 x 1071° ¢

Equivalents
Standard uncertainty 0.000 000 040 x 1071° ¢

Searchable

Bibliography Relative standard uncertainty 2.5 x 1078
Background

Conciseform 1.602 176 487 (40) x 10712 ¢



1. Quantization of electric charge?
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2. Origin of mass?

S

Electron

Spin 2

Charge -1
Lifetime o

Mass 0.511 MeV

1937

A

Muon

Spin 2
Charge -1
Lifetime 2.2 us
Mass 106 MeV

N

Tau

Spin 2

Charge -1
Lifetime 290 fs
Mass 1770 MeV




2. Origin of mass?




2. Origin of mass?
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3. Three families?

S

Electron

Spin 2

Charge -1
Lifetime o

Mass 0.511 MeV

1937

A

Muon

Spin 2
Charge -1
Lifetime 2.2 us
Mass 106 MeV

N

Tau

Spin 2

Charge -1
Lifetime 290 fs
Mass 1770 MeV




4. What is the matter with antimatter?
S Original Artist:
Réprod uctionzrights obtainable from
v, Cartoonstock.com
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4. What is the matter with antimatter?

.-
35

black <= white black <= white
mirror image

matter: white moving right i.o. left ok i.e. unchanged

anti-matter: black moving left i.o. right ok i.e. unchanged




5. Composition of the Universe?
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5. Composition of the Universe?
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5. Composition of the Universe?

Standard particles SUSY particles

Squarks o Sleptons 0 SUSY force
particles



5. Composition of the Universe?
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Post WW II V/S/on creat







Particle Detection










Electron
e Photon

—— Hadron (Pion)

Muon Solenoid
Interaction

Pixels Sllllcon
Strips

ElectroMagnetic
Calorimeter
ATLAS Hadronic

Calorimeter

Toroids

Muon detector tubes

Remco Brantjes (NIKHEF




Artificial particle source: accelerator




Large Electron Positron project
1989-2000




LE P accelerator (1983-2000)

LAKE GENEVA
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L E P experiment (1980-todaygl
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L E P results (1989-today)

et SIS / |
80 100 120 140 160 180 200
energy [GeV]




Large Hadron Collider
2009-2030?
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ATLAS
detector




colliding proton beams

7 TeV beam energy
2835 bunches per beam
1011 protons per bunch

e

@e " =~ bunch crossings: 40,000,000 Hz

" == proton-proton interactions: 1000,000,000 Hz
Q\) / parton-parton interactions: 1000,000,000 H

owt”

8 ta
new physics (Higgs, ...): 0.00001 Hz r ¥

ni'l.

selection of 1 event in 10,000,000,000,000,000 events!



LHC beam energy & the Higgs

115 GeV < M < 1000 GeV

Higgs

Muiggs=1000 GeV=1 TeV
— W-energy ~ 2 TeV
— (g-energy ~ 1 TeV
— p-energy ~ 6 TeV

LHC:
7/ TeV
proton beams




LHC beam mtens:ty & the Higgs

> W vy 2804
Q‘Qﬁ bunches/beam

new physics:
few events/day




ATLAS events

LHC bunch-bunch crossings:
40.000.000/s

pp interactions:
20/bunch-bunch crossing
= 800.000.000 pp interactions/s

selection:
100 pp interactions/s
= ongeveer 1 per 10 miljoen

data volume:
200 MB/s
= 2 miljoen GB/year = 2 pB/year
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A EXPERIMENT |
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HIGGS BOSON

LIGHT HEAVY

HIGGS BOSON

SPARTICLLEZ '0

The HIGGS BOSON is
the theoretical particle of
the Higgs mechanism,
which physicists believe
will reveal how all matter
in the universe get its
mass. Many scientists
hope that the Large
Hadron Collider in
Geneva, Switzerland will
detect the elusive Hi:_[:-_"'\
Boson when it begins
rdhmnwpm(whxm

99.99% the speed of Light

Wool felt with
gravel fill for

maximum mass.

$9 ¢ 7 5 PLUS SHIPPING




theoretical prediction (=simulation)

Higgs signature in LHC experiments
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real observation
(=experiment)
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real observation
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theoretical prediction (=simulation)




... CERN DD/OC Tim Bemers-Lee, CERN/DD
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Information Management: March 1989
A Proposal

- S minutes from here!
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Peter Higgs
visits ATLAS




Compact LInear Collider
=20257
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— International Linear Collider
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