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The sub-atomic world :
from the laboratory to

the edge of the Universe




Understanding what makes up the world

The ingredients The physical laws
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Understanding what makes up the world

How does a physicist view the world?
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Understanding what makes up the world

How does a physicist view the world?




Understanding what makes up the world

The world we cannot see :
neutrinos ,
microwave background ,
cosmic rays
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Fundamental particles

Nucleus
<1/
CHEBX D
Electrons

—

Molecule Atom Atom nucleus Proton/neutron Quark




Fundamental particles

SIZE IN ATOMS sze wmeers  |f the Earth is like an atom,
a city is like a nucleus ...
-10 . .
10 a human is like a quark ...
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Gold foil experiment

Nucleus

Ernest
Rutherford,
191 |

Electrons

Radioactive sample emits

beam of alpha particles Surrounding
Nucleus
electrons
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screen ° &
Some alpha particles | \
Most alpha particles are deflected o o o o oo
hit here




Discovery of the top quark

2.4 MeV 1.27 GeV 171.2 GeV
%3 u %3 C /3 t
up cham top
4.8 MeV 104 MeV 4.2 GeV
-3 d -3 S -3 b
down strange bottom

Lifetime 10-2* seconds!

Fermilab, Chicago, 1995
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Large Hadron Collider

Now running collisions at 8 TeV !

OH MY
DEAR!
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LATELY INSIDE THE LMNC:
2 PROTONS 0.000000000000000000! SEC BEFORE THE COLLISION




Particle physics in the news - |

Excitement as Higgs boson seminar set

to announce latest LHC findings

Two teams at the Large Hadron Collider (LHC) will go public with
their latest results in the search for the Higgs

3+~ ATLAS Preliminary H—yy
-- Best fit ldt =491
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\s=7TeV
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The magnet core of the CMS detector at the LHC. Physicists '] = ' u
It's in there somewhere! World of physics

The unup to Christmas looks exciting for the @Cgtatic as first hard evidence of God particle

Geneva. Staff at the laboratory have arranged

December at which the latest results in the se is fo U N d by C E R N res ea rc h e rS

public. The presentation is due to happen dir

- The Higgs boson helps glue the universe together, but it has never been
observed - until now

By Rob Waugh and Ted Thornhill
UPDATED: 12:43 GMT, 14 December 2011

One of CERN's most senior physicists this afternoon announced firm evidence for the existence of the
elusive Higgs Boson, or God particle.




Particle physics in the news - I

Particles break light-speed limit

Neutrino results challenge cornerstone of modern physics.

Geoff Brumfiel

anmaian eerime OPTERA Admits That Faster Than

articles known as n . .
escaners e ot LAt Neutrino Measurement
scrutiny, the finding

modern physics — tl May HaVe Been AIl EI'I'OI'

metres per second.

. . A few months ago, when the
The experlment 15¢€ " OPERA Collaboration announced
Emulsion-tRacking . that they had measured neutrinos

Leaders of Faster-Than-Light Experiment Step Down

by Edwin Cartlidge on 30 March 2012, 1:15 PM |

More | |

ROME—Two leaders of the OPERA collaboration, which stunned the
world in September when it announced data suggesting that neutrinos
could travel faster than the speed of light, have stepped down. The
resignation of Antonio Ereditato as spokesperson and Dario Autiero as
physics coordinator of the study followed a vote of no confidence, held
yesterday by leaders of the individual groups within the collaboration,




Fundamental particles

Fermions

matter particles

Quarks

a8

Leptons

Three “generations”

/

<+— \eutrinos

<4+— Electrons




Fundamental forces

Electromagnetism Gravity

Strong/weak
nuclear forces




Fundamental forces

Particles
continuously
Interacting ...
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The “standard model”

Fermions

matter particles

Quarks

U

Leptons

Gauge bosons

force carriers

Higgs boson

origin of mass




The “standard model”

® Why can’t we predict a particle’s mass? (e.g. neutrinos)
® What is dark matter?
® Where is all the antimatter?

® How does gravity fit in?
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Where astronomy fits in




Where astronomy fits in

Singularity




Where astronomy fits in
GALAXY EVOLUTION

FIRST STARS

400,000,000 YEARS
AFTER BIG BANG

INFLATION
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COSMIC MICROWAVE
BACKGROUND

400,000 YEARS AFTER
BIG BANG

FIRST GALAXIES

1000,000,000 YEARS
AFTER BIG BANG

FORMATION OF

THE SOLAR SYSTEM

8,700,000,000 YEARS
AFTER BIG BANG




Where astronomy fits in

10-35 to 1032

seconds
Inflation period

10-6 seconds
Annihilation
of matter and
antimatter

Electroweak

1 second
Quarks form
Hadrons,
electrons,
neutrinos

and radiation

fog of matter

E|\90ll'°ﬂ Helium

og" nucleus

Deuterium Protons and ’,
Q© ?nucley 1 Neutrons form 4%
atomic nuclei

)
"

g \J
B 2 Universe
,l becomes
transparent

Stable atoms
form: radiation
and matter
separate




Neutrinos
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Neutrinos

Wolfgang Pauli
—*3- (Nobel Prize 1945)




Neutrinos

Wolfgang Pauli
(Nobel Prize 1945)

| have done
something very bad today
in proposing a particle that
cannot be detected. Itis
something no theorist
should ever do




Neutrinos
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Neutrinos

Neutrinos fill
the Universe!




physics fact - neutrinos affect the Universe




Fun physics fact - neutrinos oscillate in type!

Solar neutrino
problem ...
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Dark matter

.- -r,otationalueldcitv
tkm/s) - . R
- . measured.

‘2004

#0 s0000 - 100000
distance from center (light years)




Dark matter

Blue : mass probed by lensing

Red :atoms probed by X-rays




Dark matter

Lumps of rock?

Sub-atomic
particles?




Dark matter

Dark
Matter?

Dark
Matter? [T

recoiling

nucleus

Detector

CDMS gives possible evidence for dark
matter

Dec 18,2009 9 comments

Rt

Are there any WIMPs inside?

For weeks physicists have been speculating whether the CDMS-II
collaboration based in the US has detected the first direct evidence
for dark matter, one of the universe's most mysterious entities. Now
the evidence is out in the open — although it's not quite a strong as
some had hoped.

In a preprint submitted to the arXiv server yesterday, the CDMS-II
team claim to have detected two "events" that are characteristic of
dark-matter constituents known as weakly interacting massive
particles, or WIMPs. However, they point out that there is a one-in-
four chance that these events could be background noise.




Dark matter

Standard particles

Higgs

Quarks o Leptons 0 Force particles

Theorists are trying to come up with new particles ...




Dark matter

Standard particles SUSY particles

Higgsino

A Ay D
I\\.:O/ \/
Squarks ) Sleptons O SUSY force

particles

Theorists are trying to come up with new particles ...




Anti-matter
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Anti-matter

Invisible gamma ray photons

-« Ppositron

oy N2

—

electron positron

A more energetic
electron-positron pair

scattered /
atomic electron




Anti-matter
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Protons = neutrons Protons outnumber
equal population neutrons almost9to 1
Electrons = positrons Electrons = protons in
equal population population, almost

Nno positrons.

What caused the
imbalance between
matter and anti-matter?




Gravity

Gravity doesn’t fit. What is the force carrier?
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® The standard model of particle physics is a
triumph of 20th century physics , but
unsolved mysteries remain
How do neutrinos work!?

What is dark matter?

Where did the antimatter go!?

How does gravity fit in?
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