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Transversity |i=(e)a

- 8q(x) = Ag(x) for non-relativistic quarks ' G‘

- 5q and gluons do not mix /[ 4 \

— Q?-evolution for g and Aq are different
h = | |

4
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« (Chiral-odd — not accessible in inclusive DIS

Chiral-quark soliton model Quark — diquark model (solid) &
x hi(x) pQCD-based model (dashed)
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FNAL E704: Phys.Lett. B264 (1991) 462. E704: Phys.Rev.Lett. 77 (1996) 2626.
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One possible explanation: transversity du>0, dd<0
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Suppression of the Collins mechanism
M.Anselmino et al, Phys.Rev. D71 (2005) 014002 [hep-ph/0408356]
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Sivers effect is not suppressed by the intrinsic partonic motion.
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All Eight Quark Distributions Are Probed

INn Semi-Inclusive DIS

D. Boer,R. Jakob, and P.J. Mulders, NPB564, 471 (2000) [hep-ph/9907504].
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Target Single-Spin Asymmetry in SIDIS

Sivers term
p: /K;: Intrinsic transverse momentum of quark/fragmentation

The angles are defined relative to the virtual photon direction.
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A71¢ from HERMES
turned out to be dominated by high twist effect
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HERMES data: Collins and Sivers Moments
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Extraction of Collins functions from HERMES data

Fits to the Hermes data

T Collins A, T

p' (e,€'7)
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W. Vogelsang & F. Yuan, Phys.Rev.D72(2005)054028 [hep-ph/0507266]
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Favored/Unfavored Collins fragmentation functions
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Efremov, Goeke, and Schweltzer, Phys.Rev. D73 (2006) 024025

SIDIS and e*e data are consistent within uncertainties.
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Collins Asymmetry in Pion SIDIS

H =H] =H] =H} =Hc7

_ ) H = H (1/2)
H =H7 =HJ =HJ =H{ for unweighted Collins moments
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Extraction of Sivers function from HERMES data

Fits to the Hermes data  “Prediction” of the Compass data
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Assuming fo'(x)=S, x@-x)u(x); fr(x)=S, x(L—x)u(x)
S,=-0.81+£0.07, S,=1.86+0.28
Vogelsang and Yuan, Phys.Rev.D72(2005)054028 [hep-ph/0507266]

Striking flavor dependence of the Sivers function 1



Comparing extractions of Sivers functions
M.Anselmino et a/ hep-ph/0511017
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Satisfactory qualitative agreement between different models
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Sivers Asymmetry in Pion SIDIS
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Current Status

Proton data show very large transverse astmeTr‘y, which initiated
the excitement on ftransversity. But more likely, it was due to Sivers
effect instead of Collins effect involving transversity.

HERMES longitudinal data being described very well by various of
models turned out to be dominated by high-twist effect.

HERMES transverse data show some sur'pr'ising features, for
example in Collins H/H*, Sivers f;4/f 14, and P, dependence. The
current constraint on the transversity is pretty loose, and the x, z
and P+ distributions are coupled together.

More data especially with controlled kinematics are essential for
cross check, multi-dimension binning, transversity extraction, ...

The way of learning is a way of correcting.



Is SIDIS applicable at JLab?

Preliminary results from Hall-C E00-108
ple,e'7*) and d(e,e'7n*) at x=0.3

M2

4,0 3.5 3.0 2.5 20 1.5
1] | | | | |

E=5.75 GeV

do/dQ dE_dzdP2d¢ (nb/GeV /sr)
[
—

Data beyond A region are well described by LO SIDIS ansatz.
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SHe'(e,e’m*")x at Hall-A

E06-010/06-011 Spokespersons:
X. Jiang, J.P. Chen, E. Cisbani,
H. Gao, J.C. Peng

Beam Beam Pipe

. (downstream)

BigBite at 30°
(1.5 m drift)

beam
— 6 GeV, 15 pA e-beam
Target
— Optically pumped Rb-K spin-exchange 3He target, 50 mg/cm?, ~42%
polarization, transversely polarized with tunable direction
Electron detection
— BigBite spectrometer, Solid angle = 60 msr, 6, = 30°
Charged pion detection
— HRS spectrometer, 0, = -16° 4
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Collins Moment

Predictions of Collins asymmetry on neutron
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The errors with approved beam time will be 33% higher.



Sivers Moment
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Kinematic Coverage at 6 GeV

~o 0.05 0.1 0.15 02 025 03 035 04 045 05
0 0.05 0.1 015 02 025 03 035 04 045 0.5 X

X

<x>=0.135,0.225,0.315,0.405 <z>=0.473,0.515,0.558,0.601
X is strongly correlated with Q2



Kinematic Coverage w HMS(e)+SHMS(h)

Hall C CDR (2002): R. Ent and C.E. Keppel

5 mp,=2.0
- GeV
4._ —
Py
{3— |
> ¥, = 5.5 deg -
B E =12 GeV 1
S~—" - -
&2 —
I .= 10.5 deg |
i E =12 GeV A
1_\ ]
i <
/ARS %
Y
B
1 1 1 1 1 l 1 1
06 2

) (ésev> 8 10 12
Higher beam energy with JLab upgrade offer larger phase space
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Kinematical Coverage w SHMS(e)+HMS(h)

E.=11GeV

Q% = 4E.E,sin*(0,/2)
VM2 + 2M(E, - E,)) - Q2

=
I

8 RN ,,,_,0,4,,,,,,,,,,,,,,,,,,,,,m,,,,,,,,,,,,En,:,z,gt,,zfq.ﬁ,,,, QM(EG - Ee’)
6 e ) i Eﬂ'
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 7 =
4 = Ee - Eel
2 T e SN
O _;I 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
5 10 15 20 25 30 35 40

Larger 6., E, = larger x, Q2 smaller W, W',6,,0
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Kinem. Ex: x-dependence at fixed Q

a\ HEH GV
E 0, I W / QQ\ Y 0, P 0. / z \[|Pr\ W
(GeV) (deg)/ \(GeV) (GeV? (deg) | (GeV) (deg) V(GeV\ (GeV)
480 12.5] 0227579 | 3.16 | 250| 0.56 -9.34 | 310 -13.1]0.50 [ 0.20| 2.31
6.20 11.0\ 0287095/ 2.72 | 251 044 -13.54 | 240 -18.410.50  0.20/ 2.00
7.50 10.0&0.3&8;})922.22 \2.5 0.32 -19.82 | 1.74 -13. \0.50*0.20} 1.65
N U/ UV \V
Due to 0P
SHMS(e) + HMS(h) _ +0.050
bs ~ Sin(fe — 6q)
-Same central Q2,z,P- beivers = bh — bs A arcsin*o-?jjw’

.¢Sivers>i47o ; cl)Collins>i58° ¢Collins = Ph T+ Os
--Full Sivers/Collins angle coverage
with two target polarization direction

11



4
%~ -Sluswow uoJinau Joj Ajuiepaoun |eolsielS.
%L 0~ :AljdawwAse mel aH 40} Ajuleuaoun |eoNselS.

X X
S0 v'0 €0 c0 T0 _. S0 0 €0 c0 10
LN e I B sy L B B T0- LB I Bt B B TO
— — 80°0- — — 800-
— — 90°0- — — 900-
-L “ — — v00- — — v00-
— = E g E
e — — <200 — — 200
S 1. I S R S Lo S S R
 — — - 0’0 — - 00
F J % C = _\//u
S — — v00 v — — V00 ©»
E — 2 ¢ 7 =
= - 900>F - 900=F
E 3 = 3 &
— — 800 [ — 800<
[ .| n/\ [ 3 n/\
L L L L T0 L L L L T0 lw
X X
S0 ¥'0 €0 Z0 T0 S0 0 €0 fA0] T0
Ly et B S T°0- L B B B B B B T0-
v 4 soo 4 soo-
_ — — 90°0- — — 900-
_— 4 voo- [ = voo-
O = z0 E - eoo
ml ........ * ....... % I + ......... !H 0 ml ........ + ....... + I % ......... !H 0
C — 4 zoo ., 4 200 .,
E S N S 3 -
= = 700 El = = 00 Eq
- 4 900 4 900F
- 1 0%k 1 0%
> — — 800< — 800<C
SWn weaq SAep 09 | DT b 2 TN Bt
. L L L g =, L L g gl | L 5

-1 - + 11 To T
SJUSWIO|N SIBAIS/SUI||0D JO S)nsay pajoaloid



€T

vl = vt SN (11 1) =

%V €>V € V Ul %10 ‘A ul %¢ :uonezuejod }obie] .

ol ATHT) N+ N
#1570 ~ v ma+ﬂw.|z|ﬂz ="

X Ul %20 € V Ul %10 :Allsouiwn| paie|alioo-uids.

N+ 4N
N — 4N

=5

o L 0~ :AljdwwAse mel aH 10} Ajuleuaoun |BoNselS.

VSS J0J Saljuieuaoun o1ews)sAg



plous|os ay} apisul }abue) aH¢ pazie|od :abusjieyn.

Vi

weagq

SWA5

-

W 9°e

121unon Jamoys + AoYalay) seo :Qld »

SIWHS+SINH sawi 0g-0| 82ue}daddy e

s

plousjos
g

-

1ebae|

|

—-h-

)

\

\]nl

UuollDa|3 palalieds

¢ PIOUs|0S
gz Jlegeg

AOY U137 seD)
Sse|DH dd

mm_..._u_.m.__m

900¢ ‘bny "Bulydg uro1sn e ey s,usyd ‘d'r wold

weaq A39 || yiim uoidQ pious|os



qT

'bu11oDUL 4D SpUNoS
20up}1d229D 2bup| pup Atisouiwn| ybiy yiim uoitdo pioua|os v ||PH YL
‘Wouboud AujawwAso uids-2|buis s,g ||oH 04 Aupjuawa|dwod ' Ly |jpws

puD ‘Z ‘X ', pax1} 4D 2|dwbX2 JOJ ‘SI1LDWIAUIY _umm__ot:ou 1D STQIS jJo
AJ}2WWwASD uids-2|buis 12bJpy buiApnis Ag wouboud AjisdaAsuodl 2y4
04 24NQ1J4U0D UDD L2bupyt 2H, Aj|p192dsa pup SWHS/SWH Y+m 9 |[oH
‘}2bupy paziupjodun buisn H ||PH Ul fuaWJunNsSbaw

d puo Jogn/Jogp ‘g ||PH u! ju2Wadnsoaw Mumwmou x2 '‘pasodoud

U229 Sby sjuawidadxa SIQIS A29 2] M24 v "Abuau2a woaqg Jaybiy
Y4+M SIQIS 404 200ds 2sbyd uabup| yonw sapiaouad apoubdn gop

"Wo29 A29 9 Y4IM UoJ4hau uo AutawwAso
uids-2|buis 42buot STQIS (Uoby)uoid ay4 2unsoawW ||IM 42buD4
2H¢ P2z14pjod YLIM fu2Wid2dx2 ALISU2ASUDUL W/ ||DH P24DJ-V 2yl

“ 'UOILIDULX2 ALISU2ASUDJY puD buluuig :o_m:ms_\w-_tse "MI232Yd ssoud
J0J [DI4U2SS2 24D SI14DWUIY P2||0J4U0D YLiM A||D1D2dS2 DLDP 2J0\
‘J2y42bo) p2a|dnod 24p suoiinqgldisip +4 puo

Z ‘X 2yl pup '2500| Afaud SI ALISUDASUDUL 244 UO JUIDULSUOD LUUUNI
2yl "2ouapu2dap Em pup ‘w1 /ity suaAIS . H/-H Sul]|0o ul 2]dwox?
404 ‘S24n}b2J buisiuduns 2W0S MOYS DIDP 2SJ2ASUDJL SIWHIH

AuDWWING



	Transversity�--status & opportunities with Hall C upgrade--�
	Transversity
	Zhu_4-5.pdf
	All Eight Quark Distributions Are Probed in Semi-Inclusive DIS

	Zhu_15-30.pdf
	Zhu_16-30.pdf
	Current Status
	3He↑(e,e’π+/-)x at Hall-A
	Polarized 3He target with vertical coils
	Kinem. Ex: x-dependence at fixed Q
	 
	Summary



