
ÅIntroduction

Collins effect: transversely polarized quarks generate left-right bias in fragmentation. 

SiversŜŦŦŜŎǘΥ ǉǳŀǊƪǎΩ ǘǊŀƴǎǾŜǊǎŜ Ƴƻǘƛƻƴ ƎŜƴŜǊŀǘŜ ƭŜŦǘ-ǊƛƎƘǘ ōƛŀǎ ƛƴ άŜŦŦŜŎǘƛǾŜέ ŘŜƴǎƛǘȅΦ 

ÅHERMES and COMAPSS results of SIDIS target single-spin asymmetry.
ÅHERMES proton published results.
ÅCOMPASS deuteron published results.

ÅJLabIŀƭƭ ! άbŜǳǘǊƻƴ Transversityέ 9ȄǇŜǊƛƳŜƴǘ ό9лс-010 SIDIS).
ÅPreliminary results of 3He single-spin asymmetries AUT.
ÅPreliminary results of 3He double-spin asymmetries ALT.
ÅPreliminary results of 3He(e,eΩύ ƛƴŎƭǳǎƛǾŜ {{! ƛƴ ǉǳŀǎƛ-elastic region.
ÅPreliminary results of 3He(e,eΩύ ƛƴŎƭǳǎƛǾŜ {{! ƛƴ 5L{ ǊŜƎƛƻƴΦ

ÅA possible polarized target Drell-Yan experiment at Fermi Lab after E906.

άbŜǳǘǊƻƴ Transversityέ 9ȄǇŜǊƛƳŜƴǘ ŀǘ JLab

Xiaodong Jiang, Los Alamos National Laboratory.

June 21-25, 2010 @ Trento TMD-2010



Left-Right Asymmetries

2



3



4

0>Fx

Quarks can tell left-right in  

FNAL-E704: Ҟs=20 GeV.  PLB 264 (1991) 462.

up-quarks favor left (Lu>0), down-quarks favor right (Ld<0). 

 

   AN =
s¬-s®

s¬+s®

p+(ud ) favors left

p-(du ) favors right

One explanation (Siverseffect): 

ǉǳŀǊƪΩǎ ŀƴƎǳƭŀǊ Ƴƻǘƛƻƴ ƎŜƴŜǊŀǘŜǎ ŀ ƭŜŦǘ-right density 

difference.
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Quark polarization
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to accessquark transversitydistributions Χ

Å Transversitydistribution is chiral--odd, not accessible through inclusive deep-

inelastic scattering. Need to be combined with another chiral-odd object, i.e. 

Collins fragmentation function.

Through target single spin asymmetry in semi-inclusive DIS. 

J.C. Collins, NPB 396, 161(1993).

Collins frag. fun. can be accessed ine+e- collisions.

Xiaodong Jiang,  June 21-25, Trento TMD2010
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Sivers: with transverse motion, quarks on one side of thenucleon are moving

towards the probe while on the other side  are moving away from the probe. 

Left and right are different.

Xiaodong Jiang,  June 21-25, Trento TMD2010
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Collins and Siverseffects can be separated 

in semi-inclusive deep-inelastic scattering experiments

Collins effect (linked with transversityh1) and Siverseffect (linked with T-Odd distribution f1T)  

can be separate through the angular dependence of the asymmetries.

Xiaodong Jiang,  June 21-25, Trento TMD2010
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HERMES: non-vanishing CollinsAUTon proton

Å Collins asymmetries are strongly dependent on the hadron flavor .

Collins

Xiaodong Jiang,  June 21-25, Trento TMD2010



Hermes Proton: SiversAsymmetry 
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COMPASS-2006: small AUTon deuteron (p+n) 

Å Neutron SSA must have strong flavordependence, in both Collins and Sivers.

(if  COMPASS  kinematics were  the same as HERMES, neutron SSA would be exactly  opposite to proton). 

Å d-quark makes a large and opposite contribution compared to u-quark.

Xiaodong Jiang,  June 21-25, Trento TMD2010
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Quark Siversdistributions 
from HERMES Proton and COMPASS Deutrondata

Forbidden before 2002 quark Siversdistribution 
Å Naive T-odd, not allowed for collinear quarks. Transverse Mom. Dep. parton

distributions (TMDs).
Å Imaginary piece of interference  Lq=0 ᾞ Lq=1 quark wave functions.
Å Gauge invariance of QCD requires Siversfunction to flip sign between semi-

inclusive DIS and Drell-Yan.

2002-2004 2002-2004

 

f1T
q̂(x, kT )

 

N¬(l, l' h)

up-quarks favor left 

(Lu>0),

down-quarks favor

right (Ld<0). 

Xiaodong Jiang,  June 21-25, Trento TMD2010

(Sivers)u+ (Sivers)d ~0 



To better constrain quark SiversŘƛǎǘǊƛōǳǘƛƻƴǎ Χ  

 

N¬(l, l' h)

Target single spin asymmetry in semi-inclusive DIS
ÅProton: HERMES 2002-2004.

COMPASS 2006-2007, 2010.
ÅDeuteron: COMPASS 2002-2004.
ÅNeutron (3He): JLabE06-010, Oct. 2008-Feb.2009.

( ~6 weeks of  production time).

 

sn

p+ 4́dÖD1

fav+uÖD1

unfav

Existing data do not constrain d-quark Siverswell
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Semi-Inclusive DIS on a neutron 
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Thomas Jefferson National Accelerator Facility

Å 6 GeV polarized electron beam now, 

will upgrade to 12 GeV in 2013.

Å Continuous beam to three 

experiment halls.

Newport News, Virginia.

Xiaodong Jiang,  June 21-25, Trento TMD2010
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ÅPh.D. thesis:
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Students and Postdocs
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Beam Polarimetry
(Møller + Compton)

Luminosity
Monitor
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3He¬(e,e'h)

h=p+/-,K+/-

6 GeV
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BigBiteSpectrometer as the electron-Arm of the Coincidence

A dipole magnet (1.2 T).  Large acceptance (64 mSr)

3 drift chambers , a preshower+scintillator+shower

package for trigger.



e-Arm BigBiteOpticsCalibration, momentum

1st pass beam,9ΩΥм-1.2 GeV
p<1 GeV, calibrated with ɲ

2ndǇŀǎǎ ōŜŀƳΣ 9ΩΥ 1.7-1.9 GeV
1.7>p>1.2 Checked with 

resonance states in p(e,eΩύ

20Xiaodong Jiang,  June 21-25, Trento TMD2010

p(e,eΩύ

p(e,eΩύ



e-Arm BigBiteOptics 
Calibration: angle and position

Å Optics for both negative and positive charged 
particles have been done 

Å Wire Chamber Spatial Resolution: 180 mm

Å Vertex Resolution: 1 cm

Å Angular Resolution: ~ 10 mrad

Å Momentum Resolution: 1%

Xiaodong Jiang,  June 21-25, Trento TMD2010 21

BigBite Sieve Slit

Carbon foil targets

Elastic p(e,eΩύ


