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Accessing Quark Orbital Motion through SIDIS
at Jefferson Lab Hall A and Hall C

Xiaodong Jiang, Rutgers University.

With a relatively high luminosity available for x ed target experiments at Jefferson
Lab's Hall A and Hall C, transversely polarized target spin-asymmetry measurements

in SIDIS reactions can be used to access quark orbital motion. These experiments
include:

Neutron SSA measurements at Hall A on a transversely polarized He target in

reactions.
Proton SSA measurements at Hall C in reactions.
Proton double-spin asymmetry measurements at Hall C in re-

action to access the leading-twist transverse-momentum dependent spin-structure
function
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6 GeV polarized electron beam
( : A).

Continuous beam to three experiment halls
for x ed target experiment.

Electron beam helicity is randomly ipped
at a rate of 30 Hz.

Hall A: two high resolution magnetic
spectrometers plus one large solid angle
magnetic spectrometer (BigBite).

Hall C: two magnetic spectrometers plus
one large calorimeter array.



High Luminosity for SIDIS at Jefferson Lab

Polarized proton in Hall C (NH ): cm s
(HERMES: cm s ).

Polarized He in Hall A: cm s
(HERMES: cm s ).

Typical scattering angle is 30 for SIDIS at JLab (compare with
at HERMES).

Access with =2.2 GeV with GeV.



Accessing Transver sity through SIDIS

Transversity distribution is chiral-odd, not accessible through inclusive DIS.

=P Accessible in SIDIS through chiral-odd quark fragmentation func-

tion J.C. Collins, NPB 396, 161(1993).
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Neutron Transver sity: Jefferson Lab Experiment E03-004

Spokespersons: J.-P. Chen (JLab), X. Jiang (Rutgers), J.-C. Peng (UIUC)




Collins angle: , == target spin rotation  out-of-plane detection.

Need to cover a range of and

One experiment only covers a range of



JLab EO03-004: with a 6 GeV Beam

Beam Pipe
. (downstream)
I
BigBite at 30°
(1.5 m drift)
== A magnetic spectrometer BigBite as -arm: at
==P One existing high resolution spectrometer as -arm: at : GeV/c.

—> Hall A polarized He target. Rotate to cover and



: 0.19-0.34,

EO03-004 Kinematic Coverage

:1.8-2.7GeV , :25-2.9GeV.
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The Hall A Polarized He Target

40 cm long 10 atm pressure, , 1=15 A,

Used successfully in many experiments with in-plane polarization.

Three (four)
30W Diode
Lasers (795nm)
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Be able to rotate the target spin in any direction.

Main Holding Helmholtz Coil



View along

Collins angle:

two target spin:
one target spin:
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The Projected Statistical Uncertainties on Collins
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A Letter -of-Intent to Measure SSA In
Jefferson Lab LOI04-003.

A Hall C experiment with 6 GeV beam.

A large calorimeter array as -arm,
mSst.

Existing spectrometer HMS as -arm.
Run for 45 days.
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The Expected Statistical Uncer tainties X
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Transver se Target Double-Spin Asymmetr y A

SIDIS cross sections originated from a transverse target spin:

- — >
— >
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TMD Spin Structure Function
A leading-twist dependent distribution:

Never been measured before. No clue on its size. if quark angular momentum

Linked through Lorentz invarience: — 27?7
Some calculations expect a large asymmetry (Yuan, Gamberg).
Positivity limit link with
One expects behave like ?

On the experiment side:
One of the easiest SIDIS observable to measure at Jefferson Lab.

Will we have suprises on ? What're our expectations on to start with ?
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The Combined A  Asymmetries to Extract

Leading twist quark transverse momentum dependent distribution, originated from the real
part of the interference between and wave function. Double-spin asymmetries

with dependence.

9 (X)

0.2 1 At the leading order:

0.1 1

0.1 4 -

Double-spin asymmetries from JLab

Bag model calculation, Jacob, Mulders and experiments.

Rodrigues, NPA 1997.
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Summary
Transverse target SIDIS spin-asymmetries will be measured at Jefferson Lab Hall A and Hall

C at 6 GeV now and 11 GeV in the future. This program includes:
Neutron transversity measurement in
Proton transverse SSA in

Proton double-spin asymmetry in to access TMD spin-structure func-

tion
When these measurements nish:

Asymmetry and relative cross section from many channels will be available at the same

kinematics.

Data can be combined to form ratios.
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