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Highlights of the 12 GeV Program

• Revolutionize Our Knowledge of Spin and 
Flavor Dependence of Valence PDFs 

• Revolutionize Our Knowledge of Distribution of Charge 
and Current in the Nucleon

• Totally New View of Hadron (and Nuclear) Structure: GPDs

Determination of the quark angular momentum
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Highlights of the 12 GeV Program….2

• Exploration of QCD in the Nonperturbative Regime:

Existence and properties of exotic mesons

• New Paradigm for Nuclear Physics:
Nuclear Structure in Terms of QCD

Spin and flavor dependent EMC Effect

Study quark propagation through nuclear matter

• Precision Tests of the Standard Model
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Factor 20 improvement in (2C2u-C2d)



Behavior of d/u at large-x
At large x (sea quarks, gluons suppressed)
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Perturbative QCD
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Unambiguous 
Resolution at 12 GeV

S=0 diquark dominance 

d suppressed wrt u

A1
n ! 1, x ! 1 

∆ u /u ! 1 ; ∆ d /d ! -1/3 
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pQCD

A1
n ! 1 faster

because 

∆ u / u and ∆ d /d ! 1



Reconstruction of PDFs from Moments : Test

Test case:
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resembles
‘‘constituent quark’’

distribution

Application to Current Lattice Data
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Access GPDs through x-section & asymmetries

Accessed by cross sections

Accessed by beam/target 
spin asymmetry

t=0

Quark distribution q(x)

-q(-x)

DIS measures at ξ=0

DDVCS covers 
entire region ! Ji sum-rule
but not in first 5 years



Double DVCS (DDVCS)

Cross section

DVCS

DDVCS

DDVC rates reduced by
factor 200 to 1000

e-p e-pe+e-
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SIDIS Azimuthal Asymmetry - Sivers effect
- accessing Ji Sum-rule (again not first 5 years)

Extraction of Sivers function f1T from asymmetry.

Probes orbital angular momentum of quarks by measuring the 
imaginary part of s-p-wave interference in the amplitude.

T
A

U
Tsi
n(
φ−
φ s

)



DRAFT OUTLINE OF FIRST 5 
YEARS OF UPGRADE 

OPERATION

(PAC involvement essential to 
final program)
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Hall B

– One year of running with unpolarized target at 
11 GeV (DVCS, N∆ at high Q2)

– ½ year of running with longitudinally polarized 
H2 target at 11 GeV

(Single Spin Asymmetry, A1
p at large x, ∆d and ∆u)
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Hall B…..
– ½ year 11 GeV unpolarized D: Bonus d/u
– ½ year of running with nuclear targets at 11 

GeV (hadron attenuation, sea/valence, quark 
energy loss)

• ½ year of running with polarized 7Li target at 8.8 
GeV (polarized EMC effect)

• ½ year of running transverse target polarization 
8.8 GeV

Total: 2.5 years of 11 GeV, 1.0 year of other
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Hall C

• ¼ year of running for x > 1 at 11 GeV

• ½ year of A1
n (and d2

n ) at 11 GeV

• ¼ year of 11 GeV running for L/T 
separations (pion form factor and 
separated structure functions)

• ½ year of running on DISparity at 11 GeV

(2C2u – C2d)
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Hall C…..

• ¾ year of GE
p at 8.8 GeV (Q2 = 12 or 14 GeV2)

• ½ year of deuteron photodisintegration at 6.6/8.8 
GeV

• ¾ year of lower than 11 GeV running for L/T 
separations (pion form factor and separated 
structure functions)

Total: 1.5 years of 11 GeV, 2 years of other
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Hall A

– One year of the first large installation 
experiment at 11 GeV (start of the program to 
measure CSV, HT, and d/u at large x)

• One year of hypernuclear spectroscopy at 2.2 GeV
• ½ year of A(e,e'p) studies at high Q2 at 6.6/8.8 GeV
• ½ year of few body form factor measurements at 8.8 

GeV

Total: 1 year of 11 GeV, 2 years of other
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NSAC Long Range Plan, April 2002
“Opportunities in Nuclear Science”

• Recommendation 4: 

We strongly recommend the upgrade of CEBAF 
at Jefferson Laboratory to 12 GeV as soon as possible.

The 12 GeV upgrade of the unique CEBAF facility is 
critical for our continued leadership in the 
experimental study of hadronic matter. This upgrade 
will provide new insights into the structure of the nucleon,
the transition between the hadronic and quark/gluon 
descriptions of matter, and the nature of quark confinement.
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World Community in 2012 and Beyond
• With Upgrade will have three major new facilities 

investigating nuclear physics at hadronic level  (QCD) :
GSI (Germany), J-PARC (Japan) and JLab*

• Complementary programs
(e.g. charmed vs light-quark exotics, hadrons in-

medium….)

• Wonderful opportunities to build international 
community and take our field to a new level

* Unique: only electromagnetic machine 
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End of Presentation
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S=0 diquark dominance 

d suppressed wrt u

A1
n ! 1, x ! 1 

∆ u /u ! 1 ; ∆ d /d ! -1/3 
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pQCD

A1
n ! 1 faster

because 

∆ u / u and ∆ d /d ! 1
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