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Qutline

A The structure of the universe and the forces that bind it

A JLab Today

I Afirst glimpse through the wall of confinement

A JLab 12 GeV

i Imaging of bound nuclear matter

A Next-generation facility
I Anew spin on the strong force

Jefferon Lab
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Structure oftherUniverse

A Astronomy - a macroscopic view
of the universe, including:

A Nuclear Physics - a microscopic view:
.
-
s

.geffégnn Lab

star birth and evolution
dark matter and energy
cosmology

elementary forces

universal symmetries
fundamental structure of matter
the origin of mass

physics of the early universe

Cartoon picture of the nucleon
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A Journey.Back inime

Large Scale
Structures

t = 15 billion years
T=3K (1meY)

A To study the smallest building Cosmic Mcrowae
blocks of matter, one needs to Background
recreate the very extreme
conditions that existed shortly

after the Big Bang. o Epoci
protons and neutrons form

A Ajourney into the center of the
atom is also a journey back in time. Quark-gluon plasma
It gives us a glimpse of the early
universe beyond the reach of any

Nucleosynthesis

t=1 second
T=1MeV

teleSCOpe . Electroweak Epoch 1
W, Z, Higgs bosons TIME
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Unificationrand Confinement

Rhotons: ptermediate
' ~ végtor bosds

carfjers of the

Gravitons:
carriers of o
gravity

carriers of the
strong force
between quarks

Janeti Radioactive ‘ Weakest
magnetism foran

matter together

decays
During the Big Bang the four forces of nature Hesolution [m]
were all equal (unifi ed)Weaknesdsd, o hils n® ¢y
L 2 S’E‘:‘rrc
Photons do not carry electric charge 1004

Gluons carry their own strong charge (color).

Vacuum screens electric, but enhances color charge.

\ Stronger at

At small distances, or high energy, color 10 | §

charges are practically free, but if separated, "t lower energy

the coupling becomes very strong, 1 g 1d°
. $ Energy [GeV]

them to COlOl’lGSS ObJeCtS' Experimentally accessible
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Mysteries of the Strong Force

What about?

u + u + d =proton
Mass: 0.003 + 0.003|+0.006 i O.

u+ui d=proton

A 98% of the mass of visible matter is dynamically generated :
Spin: 1/2+1/271 1/12=1/2 ¥

by the motion of real and virtual quarks and gluons.

I The proton mass arises from the strong interaction, Is all mass
described by Quantum Chromo Dynamics (QCD) dynamically
: . . enerated?
A QCD dynamics also determines proton spin. J

A The strong coupling at low energy (Q?) makes
QCD very complicated (non-perturbative).

We need to understand confinement to know how proton
properties arise from its quark and gluon constituents
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