


Voyage to the Heart of Matter

About 100 years ago, Mendeleev proposed the periodic table.
Today, we know it can be reduced to just a few ultra-
fundamental constituents and the forces that act between them

. - Neutron
[ Periodic Table of the Elements
o 2 u o2 = 5|l u
b.J ‘BMQ —;:-N |; o; 7; 08 o; “m m
e
“or "-r 7] ..::._ ""r- “'.'r' ‘.vw “'u- "‘n- uz w {
BEEMYl 2 & & & & —a— 3 =z |AREIZ]S A
o ) . - - ™ ) vf . \u - R :nL a- x;:- ;‘:n w m
" x n n n * »
K Ca "sc "Ti "V "Cr Mn Fe "Co "Ni Cu Zn 'Ga Ge ‘As Se Br ki = ;.
”m. -..'4 ”. “- - ". - ). - Yy~ ..-.. ran- ‘ua mr ) “um ! d w
B_E E’L Y “Z_r_ Nb M _[(_:_ B_u_ Rh Pd Ag Cd ln Sn Sb To _l_ )S_g o a—
"u- “-w ":.h" u'. - r; - ‘. ““ ".” h
Cs Ba H Ta W Ro Os Ir Pt Au Hq Tl Pb Bl Po AI Rn Lo
HERS . 3 - " ey A'.- = n‘m .—.l-' ] { m
L L) Lo I 1ca Ve .{ A W4
Fr Ra Rf Db Sg Bh Hs Ml Ds Rg Cn Uut Fl ng Ly Uus Uuo W v 8 ! ‘*y o
LB . A e ~ XY s B R =" : e \ v ,
':::"LaCoPrNdeSmEquTbDyHoErTmYbLu o ()]
—— Ac Th Pa U Np Pu Am Cm Bk _C_f _E_c__ F_m Md No Lr a e 3 8
= .::. L :: Semmats Wossws  caogas '::' [ ml S I I

Three Generations of Matter

CHEMISTRY PHYSICS

With great imagination dubbed the “Standard Model” of Particle Physics

Called the most precisely tested theory in the history of science
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What 1s a Fundamental Particle?

Abstractly, we think of an idealised “pointlike” particle

But could we ever really see “a point”?
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How do we see, in the quantum world? | €
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Heisenberg would then give it
an infinitely hard kick
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Kick it as hard as we can
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The Lar'ge Hadron Collider
CERN, Geneva, Switzerland

What are we really colliding? Ouantum fluctuat
uantum riuctuatons

Take a look at the quantum level C o~ I inside fluctuations
AR A inside fluctuations ...
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Kick it as hard as we can
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The Lar'ge Hadron Collider
CERN, Geneva, Switzerland

2: June 39 2015
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\ % “Stable beams” for run

What are we really colliding?

Take a look at the quantum level
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The Structure of Quantum Fields

What we see when we look at

the quarks inside the proton R e
An ever-repeating self-similar e
pattern of quantum fluctuations

, , , [\ . An Introduction to

At increasingly smaller distance S Quant
scales: scaling N : um
To our best knowledge, this is i Fleld
what a fundamental (‘elementary’) s Theory
particle really looks like T .

Michael E. Peskin « Daniel V. Schroeder

ARP
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The Structure of Quantum Fields

What we see when we look at
the quarks inside the proton

An ever-repeating self-similar
pattern of quantum fluctuations

At increasingly smaller distance
scales: scaling

To our best knowledge, this is
what a fundamental (‘elementary’)
particle really looks like

Nature makes copious use of
such structures

Called Fractals
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An Introduction to

Quantum

Note: this is
not an
elementary
particle, but a

different
fractal,
illustrating the
principle




The Meaning of Fundamental

Similar phenomenon when LHC collision End-on view
you kick/hit particles:

Accelerated charges radiate

=» Self-similar pattern of 7
. == »’/ “fundamental
bremsstrahlung; “jets” ) ouicis

produce “jets”

Any deviation from this ever-
repeating scaling behaviour

Would indicate “substructure”
A new level of fundamental

Superstring theory?
Probably beyond our reach

Closed string Open string

Still, the fundamental content T
Expect we could resolve something like this at

of the universe is ... the "Planck Scale” > billion times LHC energies ...
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The Meaning of Fundamental

Similar phenomenon when 5% VW
you kick/hit particles: :
Accelerated charges radiate

=» Self-similar pattern of 25% Dark Matter
bremsstrahlung; “jets” el ot

Any deviation from this ever- ‘ |
 70% DarkEnergy.

repeating scaling behaviour

Would indicate “substructure”
A new level of fundamental

Superstring theory?
Probably beyond our reach

Still, the fundamental content
of the universe is ...

Peter Skands Monash University



This Morning

e Play “Quantum Tic-Tac-Toe” to learn hands-on the weird
rules of Quantum Mechanical “superpositions”

e Play “Virtual Atom Smasher” to adjust the parameters of a
real-world particle-physics simulation to agree with data

e Listen to brief presentations by our scientists about
favourite research topics of theirs

e Ask questions about anything from antimatter to relativity,
what we know about dark matter, what the difference is
between the Higgs field and the Higgs boson, or anything
else you want to know about particles, the fundamental
laws of nature, or relativistic quantum theory

Welcome to Monash University




