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What Do We Know?

From the Edge of the Universe to

the Earth to ...

the Atom to...

the nucleus to... 1615 m

Protons and ...

@, I@ neutrons ...

... are made
of quarks.
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What Do We Know?

o The Un|Verse |S made Of FERMIONS matter constituents

spin = 1/2, 3/2, 5/2, ...

guarks and leptons and Leptons spin = 1/2 Quarks spin = 172

Mass  Electric

: . Electric
GeV/c? charge

Flavor Flavor

the force carriers.

v, electron | <q5q0-8| U up
force carriers neutrino
BOSONS spin=0,1, 2, ...
Unified Electroweak spin =1 Strong (color) spin =1
muon
Mass  Electric o Mass  Electric v,u e i <0.0002 C charm
GeVicZ  charge ki Gevic?  charge

@ electron |0.000511 d down

Name

M muon 0.106 S strange

photon

= p_ tau <0.02 tt
L T neutrino ' i

T tau 1.7771 b bottom

® The atomic nucleus is made

of protons and neutrons bound

field

by the strong force. s @ T

qua rk

e The quarks are confined inside desomagneic

‘m by b

the protons and neutrons.

e Protons and neutrons are NOT confined.




What Is the Force?

e Quantum chromodynamics
(QCD) looks like the right
way to get the force at

high energy.

The hadronic model uses a

phenomenological force fitted

to data at low energy. This

‘'strong’ force is the

residual force between quarks.
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How Well Do We Know I[t?

e We have a working theory

of strong interactions: quan- 05 <
Uy L5< I:” <20
2.0<n|<3.0

tum chromodynamics or QCD
(B.Abbott, et al., Phys. Rev. Lett.,
86, 1707 (2001)).
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How Well Do We Know I[t?

e We have a working theory .
N PP — Jets

. . E 0.0<|n| < 0.5

of strong interactions: quan- AN os<pi<Lo

BN 1.sg|gl<z.o

2.0<n|<3.0

tum chromodynamics or QCD

(B.Abbott, et al., Phys. Rev. Lett.,

86, 1707 (2001)). |
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What Don’'t We Know?

1. We can’t get QCD and the

hadronic model to line up.
D. Abbott, et al., Phys. Rev

Lett. 84, 5053 (2000).

. NEED TO FIGURE OUT
QCD AT THE ENERGIES
OF NUCLEI!

|
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What We Knew and Now Know About the Neutron.

e Comparison with previous results. Note that b and r are conceptually

different.

Charge distribution

0.5 1.0 1.5 2.0
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Results - Comparison with Existing Data and Theory
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Results - Comparison with Existing Data and Theory

® CLAS Preliminary Bartel
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A Xu Arnold
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Results - Comparison with Existing Data and Theory

® CLAS Preliminary Bartel Solid - Lomon
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More To Come

elLung OBartel e CLAS Preliminary

A XU A Anklin O CLASI12 anticipated
OKubon ¢ Arnold v Anderson

PP © O ¢

— Solid - Lomon Dashed - Guidal
Dotted - Miller

I | | | I | |

6 8

Q?(GeV/c)?

Lomon, Phys.Rev.C 66 045501 (2002); G. Mlller, Phys. Rev. C 66, 032201(R) (2002); M.Guidal, M.K. Polyakov, A.Radyushkin, and M. Vanderhaeghen,

Phys. Rev. D 72, 054013 (2005).




Experiments at Jefferson Lab




The CEBAF Large Acceptance Spectrometer (CLAS)
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More on The CEBAF Large Acceptance Spectrometer
(CLAS)

Drift chambers map the trajectory
of the collision. A toroidal mag-
netic field bends the trajectory to

measure momentum.

Other layers measure energy,
time-of-flight, and particle identi-

fication.

Each collision is reconstructed
and the intensity pattern reveals
the forces and structure of the

colliding particles.

CLAS

Chambers

35,000 wires
op=350m

Time of Flight Counters
500+ channels, 145 ps resolution

The CEBAF
Large Acceptance Spectrometer
at Jefferson Lab
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Life on the Frontiers of Knowledge




