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Leading Twist Transverse Momentum
Dependent Parton Distributions

(TMDs)
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SoLID Setup for SIDIS on 3He
High 103 N/cm?/s

polarized luminosity J S0 ~ @

Achieved Performance: ~90% ~1.5% ~8%

— Transverse/Vertical and Effective pol. neutron target
Longitudinal Polarized . Solenoidal defector for SIDIS
Target

— >60% polarization

— Fast Spin Flip

Large acceptance
enables 4-D mapping
of asymmetries

Full azimuthal-angle
coverage -> smaller systematic uncertainties

-100|

200

500




Natural Extension of E06-010

C;)”ins oC <Sin(¢h i ¢s)> oc hyy ® Hli

e <Sin(¢h _¢s)> < fr ®D,
ALT °8 <COS(¢h 49 ¢s)> € Oy ® Dl

e Both transverse and
longitudinal polarized
target.

e Attack 6/8 leading twist
TMDs

e Much wider phase space

— Also data at low and high z
value to access target frag.
and exclusive channels.

See K. Allada’s talk on E06-010 SSA
results @ Transverse IV

See J. Huang’s talk on E06-010 DSA
results @ Transverse Il
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Current Status on Transversity

e Collins Asymmetries
- Sizable for proton (HERMES and COMPASS)
Large at high x, large for m~ but with opposite sign

Unfavored Collins fragmentation as large as favored (opposite
sign) Also see Belle's data.

- consistent with O for deuteron (COMPASS)
- small for neutron (JLab Hall A)
e Sivers Asymmetries

- non-zero for ©* from proton (HERMES), consistent with COMPASS
results at high Q??

- consistent with zero for ©~ from proton and for t*and n~ from
deuteron

- negative values for neutron ©t*, small for 7 (JLab Hall A)
 \ery active theoretical and experimental study

e RHIC-spin, JLab (CLAS12, HallA/C 12 GeV), Belle, FAIR (PAX)
Future EIC

e Global Fits/models by Anselmino et al., Yuan et al. and ...
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e 10% d quark tensor charge with world data
 Test Soffer’s inequality |h,;| <= (f;+8,,)/2 at large x
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Map Collins, Sivers and Pretzlosity asymmetries in a 4-D (X, z,
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Sivers Function #= (- - (&

Correlation between nucleon spin with quark angular momentum

o 19 - 19
Important test for factorization 1T ‘SIDIS =—1 -
Different sign with twist-3 quark-gluon corr. dis. at high P;?
— Kang, Qiu, Vogelsang and Yuan: arxiv: 1103.1591
— Search for sign change, also P; weighted moments (Boer, Gamberg, Musch)
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 Direct measurement of relativistic effect of quark?

Pretzlosity:

PRD 78, 114024 (2008)
e Direct measurement of OAM? PRD 58, 096008 (1998)
* First non-zero pretzlosity asymmetries?
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PuiGeVic)

Worm-gear functions: AN A

Dominated by real part of interference

between L=0 (S) and L=1 (P) states

No GPD correspondence

Lattice QCD -> Dipole Shift in mom. space. N

Model Calculations -> h,, - =? -g,; R Gear

Connections with Collinear PDFs through WW approx. and LIR.

—+— This proposal
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SIDIS Factorization Test at 11 GeV

— With proton/deuteron/3He unpolarized data in a large
phase space coverage.
e Understand SIDIS process (Factorization , P; dependence)

 Complementary to Hall C Ry, P dependence studies.

* Complementary to Hall B SIDIS, P; dependence studies.

 Understand the Nuclear effect in the light nuclei.
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SoLID Setup for SIDIS on 3He

Tracking: GEM Tracker. E

— Shared R&D with Super =
BigBite 200}
Electron Identification: o0}

— E&M calorimeter for large
angle and high momentum

— E&M calorimeter and light |
gas Cerenkov for forward 200]
angle '

Pion identification:

— Heavy Gas Cerenkov and TOF
(|\/|u|ti-Re5i5tive Plate Progressive Tracking, Mom. res. 1%, polar
Chamber) angular res. 0.3 mr, azimuthal angular res. 5 mr,
0.8 cm vertex res with realistic magnetic field
Fast pipeline DAQ (Similar to simulation and 200 um GEM pos. res.
Hall D) Shoot for 100 ps TOF resolution, (60 ps intrinsic
resolution from MRPC)

100}

300} |




Responsibilities

CO, gas Cerenkov detector: Temple U.
Heavy Gas Cerenkov: Temple U.
ECal: W&M, UMass, JLab, Rutgers, Syracuse

GEM detectors:UVa, Miss State, W&M, Chinese Collaboration (CIAE,
Huangshan U, PKU, LZU, Tsinghua, USTC), UKY, Korean Collaboration
(Seoul National U)

Scintillator: Chinese Cobllaboration, Duke Blue: common with

MRPC: Tsinghua Univ., Duke PVDIS
Electronics: JLab Black: part in common with
1 PVDIS

DAQ: LANL, UVa and JLab
Magnet: JLab and UMass
Simulation: JLab and Duke

Red: This experiment only

Groups have experience with GEM already in China: IMP, Lanzhou U, Tsinghua U
Groups interested in GEM: USTC/Huangshan, Lanzhou U, CIAE, Shangdong U,

Tsinghua U, PKU, and IMP See P. Souder’s talk on PVDIS
USTC: detectors, electronics and readout (Electroweak Physics and Beyond

MRPC: Tsinghua University Standard Model Parallel Session VI)



Bright Future for TMDs

e Golden channel of Electron-lon Collider

Fﬁi.n Gy | Fﬁi.n GV |
i) fe,
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Q= 3 + 20 GeV E Accelerator:11 + 60 GeV
=] 11 + 60 GaV
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e Sea quark TMDs Gluon Sivers? What happened

at very low x?
SIDIS vs. dipole model

e Test Collins-Soper Evolution
for high vs. low Q? at large x.

See H. Gao’s talk at Parrallel
Session 8 of e+p physics at an EIC

Also see M. Huang’s talk for
simulation in the same session



Summary

e SIDIS is a powerful tool to study Parton dynamics in the
amplitude level (TMDs)

— Spin-OAM correlation, flavor dependence etc.

e SoLID is an ideal device to study SIDIS

— High luminosity, large acceptance and full azimuthal
coverage

— Will provide ultimate precision (4-D) of SSA/DSA, at high-x
(valence), low Q? region, which is crucial input to global
analysis.

— Test SIDIS factorization, P; dependence at JLab12
(complementary to SIDIS programs in Hall B/C)

e |ntegrated Effort in SoLID R&D with PVDIS!
— In preparation for the Director Review.



