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Perspective of TMD Measurements
At Jefferson Lab (6 and) 11 GeV

Xiaodong Jiang, Rutgers University.
 June 15, 2007@Trento, Italy.

1. AUT 6 GeV measurement with a polarized 3He target.

2. ALT 6 GeV measurement with a polarized proton target.

3. Perspective of 11 GeV TMD measurements.

4. How do we know we hit a quark (at 11 GeV) ?  
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If d-quark Sivers function is large ...

M. Anselmino et al., hep-ph/0511017.  

Fit to data. 

● Sivers function: correlation between 
quark transverse momentum and 
nucleon's transverse spin.

Consistent with a bag model calculation 
(F. Yuan).
d-quark's angular momentum is opposite 
to u-quark's.
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Target single-spin asymmetries on a neutron can not 
be small 
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● Two JLab 6 GeV transverse spin experiments.

Approved with "A" rating and 29 days of beam time.  These two experiments,  
scheduled to take data in mid 2008, will provide the first neutron data on the 
transverse target single-spin asymmetries in semi-inclusive DIS.

nπ+Experiment E06-010 and E06-011: neutron AUT and AUT
nπ-

 Access information on quark distribution in semi-inclusive DIS.
 High luminosity experiment on a polarized 3He target, valence 

  quark effect at high-x.
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Experiment E06-010/E06-011 at Jefferson Lab Hall A 

California State Univ., Duke Univ., Florida International. Univ., Univ. Illinois, JLab, Univ. 
Kentucky, Univ. Maryland, Univ. Massachusetts, MIT, Old Dominion Univ., Rutgers Univ., 

Temple Univ., Penn State Univ., Univ. Virginia, College of William & Mary, Univ. Sciences & 
Tech, China Inst. Of Atomic Energy, Beijing Univ., Seoul National Univ., Univ. Glasgow, INFN 

Roma and Univ. Bari, St. Mary's Univ., Univ. of Ljubljana, Tel Aviv Univ.
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C. Chang, J.-P. Chen (Co-SP), W. Chen, S. Choi, C. Chudakov, E. Cisbani (Co-SP), E. Cusanno, 

R. De Leo, A. Deur, C. Dutta, D. Dutta, R. Feuerbach, S. Frullani, L. Gamberg, H. Gao(Co-SP), 
F. Garibaldi, S. Gilad, R. Gilman, C. Glashausser, J. Gomez, M. Grosse-Perdekamp, D. 

Higinbotham, T. Holmstrom, D. Howell, M. Iodice, D. Ireland, J. Jansen, C. de Jager,   X. Jiang 
(Spokesperson), Y. Jiang, M. Jones, R. Kaiser, A. Kalyan, A. Kelleher, J. Kellie, J. Kelly, A. 

Kolarkar, W. Korsch, K. Kramer, E. Kuchina, G. Kumbartzki, L. Lagamba, J. LeRose, R. 
Lindgren, K. Livingston, N. Liyanage, H. Lu, B. Ma, M. Magliozzi, N. Makins,  P. Markowitz, Y. 

Mao, S. Marrone, W. Melnitchouk, Z.-E. Meziani, R. Michaels, P. Monaghan, S. Nanda, E. 
Nappi, A. Nathan,  V. Nelyubin, B. Norum, K. Paschke, J. C. Peng (Co-SP), E. Piasetzky, M. 
Potokar, D. Protopopescu, X. Qian, Y. Qiang, B. Reitz, R. Ransome, G. Rosner, A. Saha, A. 
Sarty, B. Sawatzky, E. Schulte, S. Sirca, K. Slifer, P. Solvignon, V. Sulkosky,  P. Ulmer, G. 
Urciuoli, K. Wang, D. Watts, L. Weinstein, B. Wojtsekhowski, H. Yao, H. Ye, Q. Ye, Y. Ye, J. 

Yuan, X. Zhan, X. Zheng, S. Zhou, X. Zong, 

Collaboration
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Jefferson Lab Hall A
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E06-010 and E06-011
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Separation of Collins and Sivers effects through angular 
dependence 

Freedom in target spin orientation: easy separation of Collins and Sivers 
asymmetries.
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ALT at 6 GeV: JLab proposal PR07-015
X. Jiang et al.  Jan. 2007.

NOT APPROVED: 
1. Limitation on beam time (500 hours).
2. Lack of a strong physics motivation.
3. Limited Pt coverage  (0.0-0.5 GeV/c). 
4. Extraction of g1T is model dependent (Pt shape).                                    
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After the JLab 12 GeV upgrade: CLAS12

Solenoid 5T

CTOF

SVT

Central 
Detector

DC R1, R2, R3

LTCC
FTOF

PCAL

EC

HTCC

TORUS

Forward 
Detector

Forward
carriage

Wide detector and physics 
acceptance (current/target 
fragmentation)
High beam polarization 85%
High target polarization 85%
Lumi = 1035cm-1s-1



Non-perturbative TMD Perturbative region

Collins asymmetry & Boer-Mulders Effect

•BM cos2φ moment, sensitive to spin-orbit correlations: the only leading twist azimuthal 
moment for unpolarized target
•PT-dependence of BM asymmetry allows studies of transition from non-perturbative to 
perturbative description  (Unified theory by Ji et al).
•More info will be available from SIDIS (HERMES,COMPASS,ZEUS,EIC) and DY (RHIC,GSI)

In the perturbative limit  
1/PT

2
 behavior expected 

(F.Yuan)

CLAS12

4<Q2<5 (2000h @ 11 GeV 
with 1035sec-1cm-2)

quark-scalar diquark 
model (L.Gamberg)

- sT(p×kT)  ↔ h1┴

sin(φC) =cos(2φh)

Transversely polarized 
quarks in the unpolarized 

nucleon



initial 
quark

scattered 
quark

ALL-PT-dependence

PT-dependence of double spin asymmetries provide access to difference in             
kT-distributions of quarks with spin orientations along and opposite to the proton 
spin. 

 hep-ph/0608048

µ0
2=0.25GeV2

µD
2=0.2GeV2

proton

deuteron



Collins Effect 

σUT ~
Collins

Study the Collins fragmentation for all 3 pions with a 
transversely polarized target and measure the transversity 
distribution function. 



Sivers function extraction from AUT (π0) does not require information on 
fragmentation function. It is free of HT and diffractive contributions. 

F1T=∑qeq
2f1T

┴q

 AUT (π0) on proton and neutron will allow flavor decomposition w/o info on FF.

In large Nc limit:

f1T
u = -f1T

d

Efremov et al
(large xB behavior of 

f1T from GPD E)

CLAS12
projected 

CLAS12
projected 

CLAS12: Sivers effect projections 



A Solenoid in Hall A 
• Program on spin structure with polarized target(s) and a 

solenoid
 highest polarized luminosity: ~1036  

 A solenoid magnet with detector package (GEM, Lead-glass+ 
Cherenkov)

            large acceptance: ~700 msr for polarized
      high luminosity and large acceptance    

 Inclusive DIS: improve by a factor of 10-100

            A1 at high-x: 200 hours, high precision
 SIDIS: improve by a factor of 100-1000

            spin-flavor decomposition (~2 orders improvement)
            transversity and TMDs,



3He target

            

Solenoid detector for (SI)DIS

GEMs

Gas Cerenkov

Calorimeter

GEMs



Projection of Collins/Sivers Asymmetries vs PT 
and x for π+ (60 days)

• For one z bin
     (0.5-0.6)

• Will obtain 4 
     z bins (0.3-0.7)

• Also π- at same
     time

• With upgraded
    PID for K+ and 

K-



Interpretation Issues of SIDIS 
Reaction at 11 GeV

● How do we know that we hit a quark ?

● Is the information of the struck quark well-
preserved when it fragment into a hadron ?

● What is the kinematic region over which SIDIS 
reactions at 11 GeV can be interpretated in terms 
of parton PDFs and quark Frag. Func.

Do we understand SIDIS multiplicities, the x-, Q2- and z-dependencies,
and the relative relations between different hadrons ?

 Do we understand the SIDIS cross sections ?

to the Next-to-Leading Order.

 H.-J. Lu and X. Jiang et al.  June 2007.
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At the Next-to-Leading Order
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NLO Global Fits
D. de Florian, R. Sassot and M. Stratmann  (2007).

Make predictions (with error band) for JLab 
11 GeV kinematics. 
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NLO fit compared with e+e- data
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NLO fit compared with HERMES data
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A Detailed Study of SIDIS Pion Productions on 
Unpolarized Proton and Deuteron Target with the 

CLAS12 Detector

● E0=11 (8.8 and 6.6) GeV.
● CLAS12 forward detector (5o~30o).
● Unpolarized proton and deuteron targets.
● Luminosity=1035 cm-2 s-1. 1000h (250h).
● High precision data over a large 3D  

(x,Q2,z) dense-grid to compare with NLO 
predictions.

 H.-J. Lu and X. Jiang et al.  June 2007.
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Kinematic Coverage Q2 vs x

Plot density not scaled with number of events.
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Kinematic Coverage z vs x
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Kinematic Coverage W' vs x
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Pion Multiplicities

Plotted for only one Q2 bin.

Theory “error” band: +/- 4 %. 
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A high precision check of Q2 dependencies

Plotted for only one bin: x=0.4, z=0.5.

Cover a large Q2 range for
 the same (x, z) bin.
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Ratios of the Combined Cross Sections

Plotted for only one Q2-bin: Q2=2.5 GeV2.

z-dependencies drop out.

Ratios are determined by PDFs only.

JLab 5.5 GeV data x=0.32, Q2=2.3 GeV2
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Charged Kaon Multiplicities

PID limit to pK<3.0 GeV.
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SIDIS data interpretation at 11 GeV

● A complete understanding of SIDIS cross sections 
to NLO.  How much unkowns still left ?

● Extract parton PDFs to compare with world data.

● Extract Frag. Func. to compare with NLO global fit 
(or e+e- data).

● Quantify interpretation uncertainties as systematics 
to TMD measurements.

● Build a precision data base for the next generation 
NLO-global fit which includes unpolarized and 
polarized SIDIS (and e+e-, pp) data.


