12 GeV Upgrade :
Near and Long Term Opportunities
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Highlights of the 12 GeV Program

e 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....z

o Exploration of QCD in the Nonperturbative Regime:

» Existence and properties of exotic mesons

e New Paradigm for Nuclear Physics:
Nuclear Structurein Termsof QCD

» Spin and flavor dependent EM C Effect

» Study quark propagation through nuclear matter

e Precision Tests of the Standard M odel

» Factor 20 improvement in (2C,,-C,,)
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Behavior of d/u at large-x

At large x (sea quarks, gluons suppressed)
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Exotica*
R. L. Jaffel
arXiv:hep-ph/0409065 v2 25 Oct 2004

exotic baryons has stirred up new interest in hadron spectroscopy. At present the experimental
situation is confused; so is theorv. The recent discoveries are striking. So too is the complete
absence of exotic mesons, and, except for the recent discoveries, of exotic baryons as well. Whether
or not the new states are confirmed, the way we look at complicated states of confined quarks and
gluons has changed. Perhaps the most lasting result. and the one emphasized in these notes, is a
new appreciation for the role of diquark correlations in QCD.
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Perturbative QCD

arXiv:hep-ph/9401328 v2 09 Jun 1997
t

STANLEY J. BRODSKY MATTHIAS BURKARDT VAN SCHMIDT
Stanford Linear Accelerator Center Center for Theoretical Physics, Laboratory for Nuclear Science Universidad Federico Santa Maria
Stanford University, Stanford, California 943509 and Department of Physics, Mossachusetfs Institue Cazila 110-V, Valparadan, Chile

of Technology, Cambridge, Massachusetis 02159

We develop simple analvtic representations of the polarized quark and gluon
distributions in the nucleon at low Q2 which incorporate general constraints ob-
tained from the requirements of color coherence of gluon couplings at = ~ () and
the helicity retention properties of perturbative QCD couplings at  ~ 1. The un-
polarized predictions are similar to the D distributions given by Martin, Roberts,
and Stirling. The predictions for the quark helicity distributions are compared
with polarized structure functions measured by the E142 experiment at SLAC and

the SMC experiment at CERN.

Gy~ (1l—x)P p= 2n — 1 4+ 2A8,

Here 7 is the minimal number of spectator quark lines, and AS. = |S? — S| =0

Lorl 1 fcnr pa,ra,llel or anti-parallel quark and proton helicities, respectlveh'
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S=0 diquark dominance
d suppressed wrt u
ANl x!1

Aufu!l:Ad/d!-1/3

pQCD

A" ! 1 faster
because

Au/uand Ad/d!1
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Reconstruction of PDFs from Moments : Test

04
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Test case: P o it (i) [6 mom.]
0.3} fir (i) [4 mom.]
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zq(z) = az’(1 — 2)¢(1 + e/ + 7z)
=P fit(z) : 4 unconstrained parameters (b, c,€,y)
=P fit(vii) : 2 unconstrained parameters (b, c)
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Application to Current Lattice Data
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DIS measures

Quark distribution q(x)

Accessed by beam/target
spin asymmetry

out not in first 5 years
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Double DVCS (DDVCS)

ep — epere

10 . DVCS

DDVC rates reduced by
factor 200 to 1000
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DDVCS

Cross section






DRAFT OUTLINE OF FIRST 5
YEARS OF UPGRADE
OPERATION

in ol m—T'h Jeff National Accelerator F '1'1;ym| Qmice Of-
N SV _ omas Jerrerson iNationa cceleravror racii H
ROLND=S 4 Science

Operated by the Southeastern Universities Research Association for the U.S. Department of Energy U.S. DEPARTMENT OF ENERGY



Hall B

— One year of running with unpolarized target at

11 GeV (DVCS, NA at

— Y2 year of running with
H, target at 11 GeV

nigh Q2)

ongitudinally polarized

(Single Spin Asymmetry, A’ at large x, Ad and Au)
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Hall B.....

— Y2 year 11 GeV unpolarized D: Bonus d/u

— Y2 year of running with nuclear targets at 11
GeV (hadron attenuation, sea/valence, quark

energy loss)

* % year of running with polarized ’Li target at 8.8
GeV (polarized EMC effect)

Y2 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

» V4 year of running for x > 1 at 11 GeV
» 2yearof A\"(and d," ) at 11 GeV

» Vayear of 11 GeV running for L/T
separations (pion form factor and
separated structure functions)

* Y2 year of running on DISparity at 11 GeV
(ZCZu B CZd)
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Hall C.....

% year of G.P at 8.8 GeV (Q?= 12 or 14 GeV?)

Y2 year of deuteron photodisintegration at 6.6/8.8
GeV

% 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
« Y2 year of A(e,e'p) studies at high Q2 at 6.6/8.8 GeV

Y2 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”

e Recommendation 4:

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

The 12 GeV upgrade of theunique CEBAF facility is

critical for our continued leadership in the

experimental study of hadronic matter. Thisupgrade

will provide new insightsinto the structure of the nucleon,
thetransition 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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& 5 is related to the color field in the nucleon
1 - -~ . ) :
{PS|1'i'-lilf1gFm"'Hnlr"”"lilil-'|PS> — Edgbr[ﬂpl__#]PU:I :
where EHY — I:l,rIE:IE'tWEE-ﬁFCE_E, and (---) and [ ! ] denote
symmetrization and antisymmetrization of indices respectively.

@ ds is a linear combination of the electric X, and magnetic X polarizabilities

When a nucleon is polarized in its rest frame, how does the gluon field inside respond?

Define the mlﬂr.singlet operators as:\ Define the glu{}n'ﬁeld pﬂlarizab"itiEE XE and ][E'
in the rest frame of the nucleon as:

Op =By 2
_ {PS|Ogg|PS) = Xg . 2M*S
O = Y1& x gEvy / 5108 £IF5) = Yo

dy = (2X, + Xg)/3

The dy matrix element is a measure of the response of the color
magnetic and electric fields to the polarization of the nucleon
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S=0 diquark dominance
d suppressed wrt u
ANl x!1

Aufu!l:Ad/d!-1/3

pQCD

A" ! 1 faster
because

Au/uand Ad/d!1
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