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Measuring GPDs through polarization
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Polarized beam, unpolarized target:

Aoy, ~ Sind{F,H + E(F,+F,)H +kF,E}do iy H(SY)
f f
Kinematically suppressed § = Xgl(2-Xg)
k = t/4M?

Unpolarized beam, longitudinal target:

Aoy, ~ SIp{FRA+EFF)(H+E/A+DE) - 1o | iy H(EL), H(SH)

Kinematically suppressed

Unpolarized beam, transverse target:

Aoy ~ singgk(FH — F,E) + ...} iy H(E), E(EY)

I
Kinematically suppressed
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DVCS@CLAS — a dedicated experiment

Superconducting solenoid

Inner calorimeter
(PbWO4)

—

424 crystals, 16 mm long,

pointing geometry, ~ 1 degree/crystal,

APD readout

A=A A
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CLAS Setup for DVCS Experiments

Inner calorimeter
(PbWO,)

424 crystals, 16 mm long,
pointing geometry, ~ 1.2 degree/crystal,
APD readout

Calibration via nt'—vyy

104 Ly 7.5 MeV
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Target Spin Asymmetry: ¢ Dependence

6 GeV run with NH; longitudinally polarized
target (CLAS + IC) 60 days of beam time
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Aoy, ~ singIm{F H+E(F,+F,)H +... Jd¢

Lett 97, 072002 (2006)

® CLAS (egl1+IC) projected (experimeit planned for 2008)
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A dedicated CLAS experiment with longitudinally polarized
target will provide a statistically significant measurement of
the kinematical dependences of the DVCS target SSA
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Target Spin Asymmetry: Q2 Dependence
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Target Spin Asymmetry: t- Dependence
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Higher t values will also be measured. The interpretation
within the handbag formalism needs to be clarified.
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In the past few years, we were able to glimpse some
of the new physics that is accessible through GPDs.
However, much more experimental and theoretical
work is needed to efficiently unravel the complex
structure of the proton.
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JLab Upgrade to 12 GeV

At 12 GeV, CEBAF will be
Ideal for GPD studies in valence
guark regime.

20 cryomodules

Add 5
cryomodules

Enhance equipment
In existing halls
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CLAS12 In HallB

« CLAS will be modified and upgraded to CLAS12, which will be
worldwide the only large acceptance, multi-purpose detector for fixed
target electron scattering experiments.

« CLAS12 will operate with an upgraded luminosity of >103°cm2s,
more than an order of magnitude increase, and improved particle
identification.

* With these capabilities CLAS12 will support a broad experimental
program in fundamental nuclear physics
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Increase luminosity
tenfold to > 103> cm-—=s-1




CLAS12
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Deeply Virtual Exclusive Processes
Kinematics Coverage of the 12 GeV Upgrade
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DVCS/BH- Beam Asymmetry
, A= -o)(o" +0) Ee =11 GeV
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CLAS12 - DVCS/BH- Beam Asymmetry
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CLAS1Z2 - DVCS/BH Beam Asymmetr
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CLAS1Z? - DVCS/BH Target Asymmetry
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CLAS1Z - DVCS/BH

ep'— epy | E=11GeV

Transverse polarized target e 021
- §
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-0.2
Ayt Target polarization in the
scattering plane -0.4
Target polarized perpendicular
’ro T‘\e scattering plane -0.6
-0.8

Asymmetries are highly

sensitive to the u-quark
contributions to the proton spin.

arget Asymmetry

Sample kinematics
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Double DVCS (DDVCS)
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Conclusions

With QCD as the theoretical framework, and the handbag
mechanism and GPDs as tools the proton (and neutron)
structure can be accessed systematically.

First experiments demonstrate the applicability of the basic
“*handbag” mechanism at moderate (Jlab) energies.

The JLab energy upgrade and new equipment provide the
means to explore the complex proton structure in the full
valence quark regime.
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Basic Process — Handbag Mechanism

Deeply Virtual Compton Scattering (DVCS)

hard vertices
L;}fi/ N

x - longitudinal quark
momentum fraction

2& - longitudinal
momentum transfer

H.H.E. E \/t - Fourier conjugate
to transverse impact
A t/ parameter

m } GPDs depend on 3 variables, e.g. H(X, X, t). They probe
the quark structure at the amplitude level. g =
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Target Spin Asymmetry: Q%- Dependence
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First DVCS measurement with sEin-aligned target

Unpolarized beam, longitudinally spin-aligned target:

Aoy, ~ sindIm{F,H+E(F,+F,)H +... }do

A, is dominated by H and H

S. Chen, et al., Phys. Rev. Lett 97, 072002 (2006)
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CLAS1?

Increase luminosity
tenfold to > 103> cm-2s EC
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Target Spin Asymmetry: t- Dependence
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Target Spin Asymmetry: x- Dependence
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