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What Do We Know?

The Earth to ...

red blood cells.

The Atom

The nucleus% 15
10

Protons and ....s

&
@ neutrons ...
... are made

m

of quarks.




What Else 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 fas. | Electric

Flavor e
GeV/c? charge

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?

107¢

e \We have a working theory of

® 0.0<|n|<0.5
O 05<n|<1.0
A 1.0<n|<1L5
0O 1.5<n|<2.0
¥ 20<n|<3.0

strong interactions: quantum
chromodynamics or QCD. ~ QUDETRAD
B.Abbott, et al., Phys. Rev. Lett.,

86, 1707 (2001).
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How Well Do We Know I[t?

107¢

e We have a working theory of A pp — jets
EA R ® 0.0<n<0.5

s Tochicis

0O 1.5<n|<2.0
¥ 20<n|<3.0

strong interactions: quantum

— QCD-JETRAD

: transve
. energy

chromodynamics or QCD.
B.Abbott, et al., Phys. Rev. Lett.,
86, 1707 (2001).
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What Don’'t We Know?

T
&/ Bates 84/91

1. We can’t get QCD and the
/0 Novosibirsk 85/90

hadronic model to line up. s e Nr s

® JLab 00

D. Abbott, et al., Phys. Rev
Lett. 84, 5053 (2000).

2. We have to find the

hadronic model ‘baseline’
to see the transition to
QCD.




Experiments at Jefferson Lab

e Jefferson Lab is a US Department of
Energy national laboratory and the

newest ‘crown jewel’ of the US.

The centerpiece is a 7/8-mile-long,
racetrack-shaped electron accelerator

that produces unrivaled beams.

The electrons do up to five laps
around the Continuous Electron Beam
Accelerator Facility (CEBAF) and

are then extracted and sent to one

of three experimental halls.

e All three halls can run simultaneously.
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The CEBAF Large Acceptance Spectrometer (CLAS)

CLAS is a 45-ton, $50-million radiation
detector.

It covers almost all angles.

It has about 35,000 detecting elements

in about 40 layers.
Drift chambers map the trajectory of the
collision. A toroidal magnetic field bends

the trajectory to measure momentum.

Other layers measure energy, time-of-flight,

and particle identification.

Each collision is reconstructed and the

Intensity pattern reveals the forces and

structure of the colliding particles.




How Does CEBAF Work?

0.4-GeV Linac
(20 Cryomodules) ~

45-MeV Injector _
(2 1/4 Cryomodules)

Stations

What happens inside the cavity? Feed it with oscillating, radio-frequency

power at 1.5 GHz! In each hall beam buckets are about 2 picoseconds long

and arrive every 2 nanoseconds.




How Does CLAS Work? -1

Beam hits target.

e5 Primary Target

Hits in the drift chambers




How Does CLAS Work? -2

Cerenkov counters separate electrons from heavier, slower particles.

Optical Mirror System

Mg,




How Does CLAS Work? -3

Calorimeters stop the particles

and measure the energy

Signals from the different layers

localize the hit.

U - plane p»

V - plane p

W - plane p

Scintillator bars

| .ead sheets

“—Fiber Light Guides
(front)
Fiber Light Guides
(rear)




How Does CLAS Work? -4

The final detector configuration.

CLAS

Drift
Chambers

35,000 wires
og=350 um

Time of Flight Counters
500+ channels, 145 ps resolution

The CEBAF
Large Acceptance Spectrometer
at Jefferson Lab

Superconducting
oroidal Magnet

electron
beam
direction

FElectromagnetic Shower
Calorimeters

1700+ channels

OfE = 10%/E"5




How Does CLAS Work? -5
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How Does CLAS Work? -6
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A CLAS Event
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Life on the Frontiers of Knowledge




What Do the Data Look Like? - A non-objective example.

® CLAS Preliminary
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The magnetic form factor of the neutron GG}, (above) tells us where the
electric charge and currents are located inside the neutron. The CLAS data

IS in red. The rest of the world’s data is in black.




