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What is the Mission of Jefferson Lab?

Pursue basic research into the quark nature of the atomic nucleus..

Map the geography of the transition from proton-neutron picture of

nuclei to one based on quarks and gluons.

Provide a testing ground for the theory of the color force Quantum

Chromodynamics (QCD) and the nature of quark confinement.

Probe the quark-gluon structure
of hadronic matter and how it

evolves within nucleil.




What Do We Know?
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the protons and neutrons.

e Protons and neutrons are NOT confined.




What I1s the Force?

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

high energy.

| | | | | | |
02 04 06 08 1 } 1.4
r (fm)

The hadronic model uses a

phenomenological force fitted

to data at low energy. This

Potential Energy

‘'strong’ force is the

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

e We have a working theory

of strong interactions: quan- b5
Uy 15< IQI =20
2.0 <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?
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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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The Magnetic Form Factor of the Neutron (G'}/)

Fundamental quantity related to the distribution of charge and

magnetization/currents in the proton and neutron (the nucleons).

Part of a broad effort to understand how nucleons are ‘constructed from

the quarks and gluons of QCD'.*
Needed to extract the distribution of quarks in the neutron.

Elastic form factors (G}, G, G';, and G'.) provide key constraints
on generalized parton distributions (GPDs) which promise to give us a

three-dimensional picture of hadrons.
e Fundamental challenge for lattice QCD.

* ‘Opportunities in Nuclear Science: A Long-Range Plan for the Next Decade’, NSF/DOE

Nuclear Science Advisory Committee, April, 2002.




What is a Form Factor?

e Start with the cross section.

do __ scattered flux/solid angle
d)  incident flux/surface area

scattering
center

For elastic scattering use the Rutherford cross section.
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e Get the cross section for elastic scattering by point particles with spin.

2.2 2 . .
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dQ — 4E2sin%(0/2) 2




What is a Form Factor?

e Start with the cross section.

do __ scattered flux/solid angle
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e Get the cross section for elastic scattering by point particles with spin.
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where Q2 IS the 4-momentum transfer.
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Why Should You Care?

e The chain of reason.
do 2\ 12 2 = = QCD,
aQ ‘F(Q )‘ < F(Q ) - ,0(7“) - ¢(T) HConstituent guarks
Experiment Comparison Theory

The form factors are the meeting ground between theory and

experiment.

The Fourier transform of the form factors are related to the charge and

current distributions within the neutron.




Why Should You Care Even More?

® Some kinematic definitions

(Hpq ! ¢pq ! b)

— 2.

neutron

o 0.5 1 1.5 2
b[fm]

p(b) = [7 dQE Jo(Qb) B LN 7 = Q2 /AN,




How Do We Measure Gf\% on a Neutron? (Step 1)

Start at your local mile-long, high-
precision, 6-GeV electron accel-

erator.

The Continuous Electron Beam
Accelerator Facility (CEBAF) pro-

duces beams of unrivaled quality.

Electrons do up to five laps, are
extracted, and sent to one of

three experimental halls.

All three halls can run simultane-

ously.




How Do We Measure G?\Z on a Neutron? (Step 2)

e Add one 45-ton, $50-million ra-
diation detector: the CEBAF

large Acceptance Spectrometer
(CLAS).

e CLAS covers a large fraction of

the total solid angle.

e Has about 35,000 detecting ele-

ments in about 40 layers.




How Do We Measure GG, on a Neutron? (Step 2)

e Drift chambers map the trajectory

of the collision. A toroidal mag- The CEBAF
C L A S ;Jta;gt?f 32;;?{2:]1)& Spectrometer
netic field bends the trajectory to i

Drift h, N Superconducting

measure mome ntU m. Chambers . o:.'d.a!' Magnet

35,000 wires
or =350 pm

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

fication.

Each collision is reconstructed

direction

and the intensity pattern reveals _

the forces and structure of the ' " Etectromaguetic Shower

Time of Flight Counters Calorimeters
500+ channels, 145 ps resolution 1700+ channels

colliding particles. ofE — 105505




A CLAS Event
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How Do We Measure G?\Z on a Neutron? (Step 3)

Where’s my target?
e5 Primary Target

Use a dual target cell with liquid
hydrogen and deuterium.
How bad do the protons mess

things up? They help!

GL24+1Gh,

_ CL(QQ) 1+7 —

Gh +1G 2
E M 421Gl tan(

+ 277G, tan?(

j—g(D(e, e'n))

%(D(e, €'p))

~—~

N———"

The ratio is less vulnerable to corrections like acceptance, efficiencies,

etc.

The dual target enables us to perform in situ detection calibrations.




How Do We Measure Gy, on a Neutron? (Step 4)

e Quasi-elastic event selection: Ap-

ply a maximum 6, cut to elimi-

all ep events

nate inelastic events plus a cut on i

W2 (J.Lachniet thesis).

0,4 < 3 degrees

e Use the ep — ¢e/mn reaction
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Results - Overlaps and Final Averages
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Results - Comparison with Existing Data and Theory
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Results - Comparison with Existing Data and Theory
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More Jefferson Lab Highlights

Ratio of charge and magnetiza- Short range correlations in nuclei.
tion of the proton (G'% /G ).
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Even More Jefferson Lab Highlights

Towards a 3-dimensional picture Where is the nucleon spin?.

of hadrons.

T
® This work

¢ HERMES

A SMC

o SLAC-EL55
O SLAC-E143

150 200 300

¢

Azimuthal angle around the
3-momentum transfer .

S. Stepanyan et al. (CLAS), Phys. Rev. K.V. Dharmawardane, et al.

Lett. 87 (2001) 182002 (CLAS),Phys.  Lett. B 641, 11
(2006)




Life on the Frontiers of Knowledge




Concluding Remarks

e JlLab is a laboratory to test and expand our understanding of quark and
nuclear matter, QCD, and the Standard Model.

e \We continue the quest to unravel the nature of matter at greater and

greater depths.

e Lots of new and exciting results are coming out.

e A bright future lies ahead with the JLab 12-GeV Upgrade.

Effersonlabh

.. Exploring the Nature of Matter




