First some Introductory Stuff => On The Web

http://hep.physics.utoronto.ca/~orr/wwwroot/phy357/PHY357S.htm



PHY357 = What is the Universe Made Of?
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SubAtomic Physics

Nuclear Physics

* Understand the Atomic Nucleus in terms of the interaction
of Protons and Neutrons.

* An enormously important subject; both in order to
understand matter on Earth and in Stars and the Universe,
and for technological reasons

Particle Physics/High Energy Physics
* Understand Reality at its most Basic Level

* Experiment Constituents
f Interactions
* Theory Why these Consituents and Interactions?

Why this Space-Time

Micro Level «=»Macro Level =+ History of Cosmos



"All these things being considered, it seems
probable to me that God in the beginning formed
- matter in solid, massy, hard, impenetrable, moveable
particles of such sizes and figures, and with such
other properties, and in such proportion to space, as
most conduced to the end for which he formed them;
and that these primitive particles being solids, are
incomparably harder than any porous bodies
compounded of them; even so very hard, as never to
wear or break in pieces; no ordinary power being
able to divide whai God himself made in the first
creation. While the particles continue entire, they
may compose bodies of one and the :ame nature ~nd
texture in all ages: but should they wear away, or
break in pieces, the nature of things depending on
them would be changed. Water and earth, composed
of old worn particles and fragments of particles,
would not be of the same nature and texture now,
with water and earth composed of entire particles in
the beginning. And there, that nature may be lasting,
the changes of corporal things are placed only in the
various separations and new associations and
motions of these permanent particles"
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Isaac Newt: n - Optics



““Mow the smallest Particles of Matter may cohere by the strongest
~.ttractions and compose bigger Particles of weaker Virtue; and
many of these may cohere and compose bigger Particles whose
Virtue is still weaker, and so on for diverse successions, until the
Progression ends in the biggest Particles on which the Operations
in Chymistry and the Colours of natural Bodies depend, and which
by cohering compose Bodies of a sensible Magnitude.

There are therefore Agents in Nature able to make the Particles
of Bodies stick together by very strong Attractions. And it is the
Business of Experimental Philosophy to find them out.”’

Isaac Newton, Opticks, 1704



Is the Universe Made of These?

ELEMENTARY
i”ARTiL LES

Proton = (u u d) — held together by gluons
Neutron = (u d d)



Historv of the Universe

MATTER DOMINATED ERA

THE UNIVERSE BECOMES TRAMNSPARENT

Decoupling of Formation of
Matter-Radiation Atoms




Space, Time and Energy Frontier

The "History" of the Universe from the Plar|ck time to the prefent, showing how the size of the
presently observable universe R, the average density P, the tejnperature T, and the energy per
particle kT, have varied with time t according to the hot big bgng model.
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SPECIAL.  RELATIVITY

TO REACH HIGH ENERCY DENSITIES
AND SMAaLL. DISZANCES USE PRORES UﬂC
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SPECIAL  RELATIVITY
ELECTRONS , PROTONS NUCLE( RHAIE ELECIRIC CHARBES

Mach oF WHA7 wWE TALK AGOWT wiAk INVOLVE
ELECTRD HMIAENETir INTER ACTION OF PALYICLE
AND 17 Wik~ RBE RELATVISTIC.
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_Four Veczors
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L - VECTOR DEFINITIONS

THE PRYSICS 1§ J= P'l + L EC:“]
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