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Our place in the Universe

COMPOSITION OF THE COSMOS

Neutrinos:
0.3%

Free Hydrogen
and Helium:
%
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5
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» “Mass is the quantity of
matter arising from its
density and bulk Is Mass
.. " Fundamental?
conjointly

» Newton's 2nd Law: a = g

» Lavoisier: Mass is
conserved
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Is the mass a fundamental property of matter?

» Modern conception:
“Mass of a body is a
measure of its energy
content”

» m=5,
c

energy

Eop — body's rest

» This is realized in particle
accelerators
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mass of its parts rest energy
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» Reaction
2H> + Oy — 2H,0

Going Quantum

» If 1 m3 of H is burned,
some 13 MJ are liberated

» Mass difference of
reactants and products:
O(10711)
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@ neuiron » Mass of nuclei comes
@ proton
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neutrons Going Quantum
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Alpha
Particle

> a-particle = deep bound
of 2 pand 2 n

Nuclei

» Mass difference: 0.75 %
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proton  neutron » Mass of 3 light quarks
~ 10|\/|eV Going Quantum

1.6 _fm

» Mass difference: 98 %
Nucleons missing!
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Elementary Particles . .
y » Interactions are described

by gauge theories

Standard Model
» The gauge group of the
EWSM is
5U(2)L X U(].)y

Leptons Quarks

> Gauge symmetry forbids
mass terms for the gauge
bosons
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» The Higgs field ¢
spontaneously
condensates

» Gives mass to the weak
bosons W* and Z° Higgs Mechanism

> Leaves the photon
massless

» Through Yukawa
couplings, gives mass to
leptons and quarks
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v

Accounts for the masses of weak gauge bosons

v

Gives EW masses to quarks and leptons

v

Could explain why atoms exist

Higgs Mechanism

v

Could explain why atoms can form chemical bonds

v

Could explain why there are stable atomic structures

v

Is NOT the source of all mass of the Universe; not even
of visible matter
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Motivation

Alfredo Raya

» Protons in a nucleus
should electrically repel

» There must be a stronger
force that cancels the
electrostatic repulsion and
holds the nuclei together

» Such a force can only be
perceptible at the nuclear
level
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Neutron Proton

» Yukawa proposed the pion to be the nuclear force
mediator
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» But nucleons are not fundamental themselves
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Down guark
Up quark

Gluons holding quarks together to form a proton
(diagram from Scientific American)

» At the fundamental level, strong interaction is mediated
by gluons, which come with 8 different charges (colors)

» Quarks come in 3 different colors
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> Gluons hold together
colorless structures of
quarks, called hadrons

» When 3 quarks are
combined, they form a
baryon

» When a quark and an
antiquark combine, they
form a meson
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QCD: The strange theory of quarks

QCD

u(1)

SU(3)

Electric charge

Color Charge

v (neutral)

gluons (colored)

No Confinement
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