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® |[ntroduction and Motivation

® Physics Projections
= |nclusive spin structure at low xg;
= Gluonic spin structure via charm production
= Spin-flavor decomposition with Semi-inclusive DIS
= Transverse momentum-dependent distributions
= Fragmentation studies
= Deeply Virtual Compton Scattering

® OQutlook
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Why study the Hydrogen atom?

1885 Balmer determines formula for hydrogen spectral lines

1887 Rydberg generalizes formula with wavenumbers to explain
extended set of spectral lines

1908 Ritz develops universal formula for spectral lines in terms of
frequency differences

1910-20’s - Quantum mechanics developed to explain these
empirical results

Higher resolution study of the hydrogen spectrum continues - just
doing more of the same??? Looking at small uninteresting 1%
effects??? Testing the “standard model” ?

1947 - Lamb shift discovered, leads to birth of relativistic quantum
electrodynamics
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What do we know about the quark-gluon
nature of the proton?
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What do we know about the quark-gluon
nature of the proton?

® Inclusive DIS has determined the unpolarized parton distributions over a
spectacular range in x and Q?
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What do we know about the quark-gluon
nature of the proton?
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What do we know about the quark-gluon
nature of the proton?

® Inclusive DIS has determined the unpolarized parton distributions over a
spectacular range in x and Q?

® “Polarized” inclusive and semi-inclusive DIS have determined the helicity
dependent quark distributions over much more modest range, similar to the
pre-HERA era for unpolarized distributions

= Only a collider will allow us to make a similar broad advance in our
empirical study; history suggests extrapolation to low x is unreliable
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What do we know about the quark-gluon
nature of the proton?
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What do we know about the quark-gluon
nature of the proton?

® Inclusive DIS has determined the unpolarized parton distributions over a
spectacular range in x and Q?

® “Polarized” inclusive and semi-inclusive DIS have determined the helicity
dependent quark distributions over much more modest range, similar to the
pre-HERA era for unpolarized distributions

= Only a collider will allow us to make a similar broad advance in our
empirical study; history suggests extrapolation to low x is unreliable

® \We are very much still at the empirical stage of understanding the proton!
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Why study the 3D and Spin Structure?
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Why study the 3D and Spin Structure?
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Why study the 3D and Spin Structure?

® Higher and higher resolution in a single view will generally not be
sufficient to understand the dynamics!
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Why continue to study the spin structure?

E.R. Kinney EIC Workshop - 2 June 2009 - RHIC/AGS Meeting



Why continue to study the spin structure?

® \Where is the nucleon spin?

E.R. Kinney EIC Workshop - 2 June 2009 - RHIC/AGS Meeting



Why continue to study the spin structure?

® \Where is the nucleon spin?

® Tantalizing hints are appearing that the sea spin structure is really
an interesting, non-trivial, aspect of the nucleon spin structure,
especially now that we have measurements from the RHIC spin
program;

= Most recent fits to world data prefer a node in the polarized
strange quark and gluon distributions at intermediate x
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Why continue to study the spin structure?
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Why continue to study the spin structure?
® \Where is the nucleon spin?

® Tantalizing hints are appearing that the sea spin structure is really
an interesting, non-trivial, aspect of the nucleon spin structure,
especially now that we have measurements from the RHIC spin
program;

= Most recent fits to world data prefer a node in the polarized
strange quark and gluon distributions at intermediate x

® Exciting new results from transversely polarized targets have
generated intense theoretical development of transverse momentum
dependent distributions; These provide a framework to explore the
effects of orbital motion in the nucleon. Both experiment and theory
are in their infancy.
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Why continue to study the spin structure?
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Why continue to study the spin structure?
Where is the nucleon spin?

Tantalizing hints are appearing that the sea spin structure is really
an interesting, non-trivial, aspect of the nucleon spin structure,
especially now that we have measurements from the RHIC spin
program;

= Most recent fits to world data prefer a node in the polarized
strange quark and gluon distributions at intermediate x

Exciting new results from transversely polarized targets have
generated intense theoretical development of transverse momentum
dependent distributions; These provide a framework to explore the
effects of orbital motion in the nucleon. Both experiment and theory
are in their infancy.

Exclusive reactions bring us to a yet another 3D view of the nucleon
structure, again a new “angle” to understand the quark-gluon
dynamics
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Making sense of the empirical knowledge

e [attice QCD must start to organize all of our information

= \Ve are not there yet! But we're getting close...

e Quantitative understanding of the QCD vacuum, flux tubes, pion clouds,
constituent quarks,...

LHPC Collaboration,

Phys. Rev. D77, 094502 (2008)
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The Gluon Contribution to the Proton Spin
Inclusive g1 Measurements
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F,_ at EIC: Measuring the Glue Directly

Longitudinal Structure Function F, o= T
T Z

- Experimentally can be determined
directly WITH VARIABLE ENERGIES!

- Highly sensitive to effects of gluon
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The Gluon Contribution to the Proton Spin
Open Charm SIDIS Measurements
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The Gluon Contribution to the Proton Spin
Open Charm SIDIS Measurements
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Spin-flavor Decomposition of the quark PDFs

HERMES SIDIS Results

Projections for 9 fb-1 for 10 GeV on 250 GeV

b e - Aulu .
S—— - Au>0 Fow wou pim ® "
0 + ‘+ ?
N S | - Ad/d tt
—— '_+._._.._‘L_,_im‘_+._“—_”—i ~~~~~~~ i#?// == B |
o2 Ad<O t t T e
[ } } Q% =2.5GeV’ 3 As/s '
0 - ———— - , 2
K + ¢ * o ESS:|2000
0.2 _ x A —meme BBO1 LO = P
— = - - Au/u
[ x Ad + * -
0 . 4 4 .
: ? + ' + E ¢ = S s W e L] % [
- I - Ad/d
‘  JARRARAREY
X As e
02 Joe Seele, ERK £ 2/
00 o Y ‘ 103 102 10 Iy
E.R. Kinney EIC Work$hop - 2 June 2009 - RHIC/AGS Meeting B

12



Polarized Light and Strange Sea Distributions
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Transverse Momentum Dependent
Distributions

® A breathtaking new field that has just truly opened in the last 5
years; everyone is still learning!

® Critical piece for understanding effects of orbital motion
e EIC data at collider energies would be unique
® Measurement relies on ability to extract azimuthal distributions

=) Detector angular coverage/systematics must be carefully
planned
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Transverse Momentum Dependent
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Understanding Fragmentation

scattered lepton

incoming lepton

uul

target
nucleon

String Breaking
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Understanding Fragmentation

e New data from BaBar, Belle, JLab, HERMES, and COMPASS
provides us the opportunity to make major advances in our detailed
phenomenology of fragmentation.

= \Ve must explore the “forbidden” issues of isospin symmetry
breaking, differences between e+e- and DIS, etc

= \Ve must learn how to handle transverse momentum
dependence in fragmentation

= Hadronization studies have shown that multidimensional
measurements in kinematic variables such as z and prare
essential

® At the EIC, we need to capture as much of the final state as we can

E.R. Kinney EIC Workshop - 2 June 2009 - RHIC/AGS Meeting
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Generalized Parton Distributions:
Transverse Imaging of the Nucleon

e GPDs encode transverse __ g -
size of quark (parton) with b/
longitudinal momentum PR
fraction x longitud.
e Fourier transform in P

momentum transfer R

e EIC at High Energy:
% x< 0.1: Gluons!
* € ~0: Gluon
exchange is coherent

E.R. Kinney EIC Workshop - 2 June 2009 - RHIC/AGS Meeting 16



GPDs at High Energy: Transverse Gluon
Imaging

Goal: Transverse gluon imaging of nucleon over wide range of x: 0.001 < x < 0.1
Requires: - Q%2 ~ 10-20 GeV? to facilitate interpretation

- Wide Q2, W2 (x) range

- Sufficient luminosity to do differential measurements in Q%, W2, t

Q2 = 10 GeV?2 projected data

Simultaneous data at other Q2-values
E.R. Kinney EIC Workshop - 2 June 2009 - RHIC/AGS Meeting
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GPDs at High Energy: Transverse Gluon
Imaging

Goal: Transverse gluon imaging of nucleon over wide range of x: 0.001 < x < 0.1
Requires: - Q2 ~ 10-20 GeV? to facilitate interpretation

- Wide Q2, W2 (x) range
- Sufficient luminosity to do differential measurements in Q%, W2, t
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GPDs at High Energy: Transverse Gluon
Imaging
Goal: Transverse gluon imaging of nucleon over wide range of x: 0.001 < x < 0.1
Requires: - Q2 ~ 10-20 GeV? to facilitate interpretation
- Wide Q2, W2 (x) range
- Sufficient luminosity to do differential measurements in Q%, W2, t

i statistical errors only
x = 0.0025

10 (0.001 < x < 0.005)
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And much more!

® Measurements | haven’t mentioned:

E.R. Kinney

= Forward measurements using diffractive processes

= Full program of Exclusive reactions! Deeply virtual compton
scattering and meson production

V' A primary focus of lower energy “staged” scenarios,
requires high luminosity

=) “Tagged” structure function measurements from DIS on n in
deuteron

= [nclusive measurements of gs constrain AQ’s

= Possible electroweak measurements (e.g. lepton flavor
violation)

EIC Workshop - 2 June 2009 - RHIC/AGS Meeting 18



Outlook

US Nuclear Science Advisory Committee (NSAC) endorses continued
development of case for EIC and funding for R&D in its most recent long
range planning exercise

Strong suite of measurements has been developed to aggressively explore
“the fine structure” of the proton

Nearly ready with, e.g. Lattice QCD, to move beyond phenomenology to
physical understanding of the nucleon

Both BNL(eRHIC) and JLab(ELIC) are pursuing realizations to carry out this
physics, both with staged approaches. A major issue will be the inevitable
cost vs performance comparison.

Target date for project “approval” for construction is NSAC Long Range
Plan for 2012

= Requires a compelling physics case consistent with detector, IR, and
machine design, with well articulated cost description

=) Staging options should be well-developed and the path to the full EIC
understood and well defined
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