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Framework
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Transverse Momentum-Spin-Position Distributions of Patons in Hadrons

e Remarks Transverse Spin effects in TSSAs and AAs in QCD
* Reaction Mechanisms: Beyond Co-lineararity 1SI/FSI Twist Two vs. Colinear-limit ETQS-Twist Three

* Unintegrated “I"-odd” TMDs Distribution/ Fragmentation Functions in Spect. FRMWK
Correlations btwn intrinsic k|, transverse spin St

* T'-odd cos 2¢ & sin 2¢ asymmetries
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Transverse SPIN Observables SSA (TSSA) I

AO'NZ'ST'(PXPW_])

* Co-linear factorized QCD-parton model
Requires helicity flip in hard part A6 =67 — &

: 6t—ds!  2Imfrrf
o |[L/T)=(+)xi]-)) = An = §&¢+Z&T ~ |f+n|12{|c_|ff|2

* Requires relative phase btwn helicity amps

e QCD interactions conserve helicity m, — 0 & Born amplitudes real!

MgQg

By small

* Kane, Repko, PRL:1978 Generally A ~
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Early test-A Production (pp — ATX) |

dapp—>ATX _dapp—>A¢X

e Need strange quark to polarize a A Py =
Dharmartna & Goldstein PRD 1990

dapp—ﬂ\TX —|—dapp—>AJ'X

g9 — s5 GluonFusion Y + ::E
—~SsTEES

qq —> S5

Phases in hard part Ao 5

interference of loops and tree level " } k .

e Polarization Py ~ m;;S—twist 3 & small =~ 5% as predicted
0 e

o Experlme.nt gla.rmgly o
at odd with this result Ll
Py in p — p scattering-Fermi Lab Py
_03 L
Heller,...,Bunce PRL:1983
04 |
-0.5

01 02 03 04 05 06 0.7 08 0.9
Xk
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Azimuthal Asymmetry—Unpolarized DRELL YAN I

lepton plane (cm)

7 4+ p—pu 4+ pu 4+ X E615Conway et al. 1986, NALO, ZPC(1986)

QCD-Parton Model doesn’t account for large “AA”

A, u, v depend on s, x, miu,pT
dN do -1 do 3 1 2 . 2 v . 9
d—Q:(d4q) d4qu:4ﬂ_>\+3(l—|—)\cos 6 + psin HCosgb—l—Esm 0 cos2¢

e Violation of Lam-Tung relation- (nnLOQeD)1— A —20 %0
(Mirkes Ohnemus, PRD 1995 )
Suggests a N.P. origin!

o Unexpectedly large cos2¢ — v ~ 10 — 30% AA —
=

. ECT™ June 14%h 2007

Transverse Momentum, Spin and Position . .



150 i i i M 1

A ..4__4__#__;____

0.00 ~ 4.05<m,r8.55 GeVe?
1 0.20<x<1.00

1 4.05<m,r8.55 Gevc?
1 0.20<n,<1.00
075 et

m S T— i i i

Pr (GeV/c)

. ¢

4.05<my,r8.55 GeVc?
0.20<x = L.O0

T rrr

L

=100 +—r—r—r—

1%
pr (Gevic)

4.05ﬁm~§&55 Gevc?
0.0<p,<5.0 GeV/ec

4 4.05<m
4 ﬂ.ﬂ-cpTﬁﬁ.ﬁ Gev/c

B8.55 Gevc?

] 0.0<p<5.0 Gew/e
=075 —

4 4.051:"1”_1:-5.55 Geve?

—T—TT

000 050
Yo

Lam-Tung Relationship Vioclated

f b iy :
oot
: oG &g * UG E
o dm

e
et 4

400 "~ es0
My (Gev/c®)
[ IR
5 |
4 eoq@ ACS . UC L
0.00 ' I



pr ~ k| << Q? TSSAs thru “T-Odd” TMD I

® Sivers PRD: 1990,Collins NPB: 1993, T SSA associated with “T-odd” correlation transverse
spin and momenta

St

St

AoP?' 2™X L D@ A Qb porn = S (P x ki) — fi(z, k)
AaepT—)eﬂ-X ~ ADJ_ ® f X &Born — Z.ST ) (P X p_l_> — HlJ_(xapJ_)
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Mechanism FSI produce phase in TSSAs-Leading Twist I

Brodsky, Hwang, Schmidt PLB: 2002 SIDIS w/ transverse polarized nucleon target
e pt = enX

Ji, Yuan PLB: 2002 -Sivers fnct. FSI emerge from Color Gauge-links

Ao ~ DA FQ6 orn

Ji, Ma, Yuan: PLB, PRD 2004, 2005 extend factorization of CS-NPB: 81
Collins, Metz: PRL 2005 Universality & Factorization “Maximally” Correlated
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Transversity w/o Target Polarization I

Transversely polarized quark in unpolarized Target Boer,Mulders PRD: 1998
Correlation of transversely polarized quark spin
with intrinsic k| ist - (kL x P) — hi(z,k.)

St
ky

.

St
mki - 74»13—‘/_/11(l —f—ﬁ b= ;
Sr

hiL(a:, k1) number density transversely polarized quarks in unpolarized nucleons

* Boer, Mulders PRD: 1998 cos 2¢-AA in unpolarized lepto-production eP — &' 7 X

* Boer PRD: 1999 cOS 2-AA in Drell Yan == +p s pt+p "+ X Or p4+p— p pt + X
(No Fragmentation!!)
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Beyond Co-linear QCD: 7-Odd Correlations

Mulders, Levelt, Tangerman, Boer, updates, Bacchetta, Diehl,Goeke,Metz, Schegel(1994, 1996,. . . 2006)
incorporated k| T-odd PDFs and FFs relevant to hard scattering QCD at leading
subleading twist

/ \

/ \
/ \

dO' — LHVW’UV = AN NV Y

2MWH (q, P, P) = /d2pTd2kT52(pT + gy — kr) Tr[®(zp, pr)v" Azn, kr)"]

AN AU U

SIDIS Hadronic Tensor

+ (g —q, p+v)
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Source of T-Odd Contributions to TSSA and AA

“T-odd” distribution-fragmentation functions enter transverse momentum
dependent correlators at leading twist Boer, Mulders: PRD 1998

vV 1.pP QO
aaﬁklan_ﬂ €uvpoY MK ST

1 N N
Al kL):Z{Dl(z’ ki) o+ Hy (2, k1) M, + Dir(z, k1) M, 4+ ...
1 O.Ol,Bp ol €,LlJ/pO',v/,Ll,,rLI/ pp So’
@(337 pJ_):E{fl(xa p_L) /fl+ + hf(ﬂf, pJ_) ]’1\—14 + _I_ fng_p(CC, pJ_) M+ 1~T . }

SIDIS cross section

k
doN X i ®@dél @ Dy 4+ —=f, ® d6'97 ® Dy - cos ¢
{\A} Q

k2
L1 ®d6'"7" @ Dy + hy ® d6*7" @ Hi"| - cos2¢

Q?
+ |S7|-hi ®d6*7 @ Hib - sin(¢p + ¢g)  Collins
 fir ® d6*7M @ Dy - sin(¢ — ¢s)  Sivers

+ SL . hf_L & dajq_}zq X HlJ_ . Sln(2§b) Kotzinian—MuldersPLB

+
s
N
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T-Odd Effects Incorp. thru Color Gauge Invariant Factorized QCD via Wilson Line I

® |eading twist Gauge Invariant Distribution and Fragmentation Functions
Boer, Mulders: NPB 2000, Ji et al PLB: 2002, NPB 2003, Boer et al NPB 2003

Byt .u\’PE e ...\‘:Ph Bser o .\.Ph e '~.\,PD
It ol b gkt g TR o [
a. a4 e NaVav VoV, Vol NV
[VaVAV VAVAY U VAVAW]
pa\‘mﬁ% e S L e ol P pl lo
— — = — == - @ =
- ST Ty T 5 b etc .

Sub-class of loops in eikonal limit sum up to yield color gauge invariant hadronic tensor factorized
into distribution ® and fragmentation A correlators

3 .
(p, P) = /d—ge’bpfwl@(g‘,mg* IX)(X|G0,00]$(0) P)]

2(2m)3 €™ 0] §T=0
Y . P
A(k, Pp) = /W MEO1G . #OIX; PR (X BRO)G], 10—

B - N
g[g,oo] = g[ngo]g[g_,OO], where g[é’_ o] Pexp(—ig /5_ d¢ A')

Y
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Study of FSI as source for TSSAs from TMDs e.g. BM hy"/?) Sivers f;-/?)

e Practially speaking, Cannot calculate the Quark-Quark Correlator in “Continuum
Field Theory”

®;i(z, pr) = Z/d'z L ”P+Z_"'5T'2T<P,slzﬁj(o)W[o,oo—] X)) (X | W[oo™, 2] ¥(2) | P, S)

(2m)3

e Use Spectator Framework

e Diquark-model: | X) — |dgq; g, \) one particle-state!
e Study Wilson line contribution to TMD and FFs

*

b I D

*

BHS -2002

Ji, Yuan 2002 - Sivers Function

Metz 2002 - Collins Function

L.G. and Goldstein 2002 - Boer Mulders Function

Boer, Brodsky Hwang 2003 - Boer Mulders in DY
Bacchetta Jang Schafer 2004- Sivers Boer Mulders
Lu Ma Schmidtt 2004/2005 Pion Boer Mulders

e Spectator Model “Field Theoretic” used study Universality of T-odd Fragmentation A;;

*
*

Metz 2002
Collins Metz 2005

e Spectator Model Fragmentation T-odd Fragmentation

*

L.G., Goldstein 2005, 2007

x Amrath, Bacchetta, Metz 2005
e PHENO.... many of the above ...

Transverse Momentum, Spin and Position . . . , ECT™ June 14th 2007
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Mechanisms explored thru T-odd Contribution in SIDIS:
Impacts predictions at (HERMES, JLAB 6 & 12 GeV program)

cos 2¢p Asymmetry in SIDIS-"Boer Mulders Effect”

* In spectator framework point-like nucleon-quark-diquark vertex logarithmically divergent

—1

asymmetries, Goldstein, L.G., ICHEP 2002; hep-ph/0209085) iz i

hi (k) = 549 (2, k) Fi J L 57

2
e Asymmetry-weighted function hgl)L(az) — fd2kL2]§\j2hiL(az, k%) diverges

e Gaussian Distribution in kJ_ L.G., Goldstein, Oganessyan, PRD 67 (2003)

M(m 4+ xM)(1 — x)
kLA (kD)

hi(z, k) = aN, R(k%, )

with
R(K2, z) = exp—2b(KT —A(0)) (1 (0, 26A(0)) — (0, 26A (3 )
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Observable: cos2¢ SIDIS Convol. of ISI & FSI thru Gauge link

do br kT 1 1
drdydzd2P| X f1®D1+af1®D1-cosq§—l—[@f1®D1—|—h1®H1 . c0s 26

Boer-Mulders-Effect: (unpolarized processes)

O

\DVI

cos(2 o - P Erm-bn—2(hkrr) (h-D.
AUU( Ph) Ik d>prd?kr 83 (pT — kr — Zth) LD %_,mWT)( pT)hf‘thL

Q000 E

e The INPUT

*x Boer Mulders, Mulders
* Collins Function

\
P

e [heoretical Issues

% Sign of Boer Mulders and Mulders function
* Universality of Collins Function

PENNSTATE
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Spectator Framework: BM hll(lm, Sivers f#lm, fi(z) and hig,

e Quark-Quark Correlator

@iz, Pr) = Z/dszf)? 1P TIPS 5 (0) WO, 001 1X) (X[ Wloo ™, 2] 44(2) [P, )

e Diquark-model: | X) — |dg; ¢, \) one particle-state!
Thomas, 1994 Mulders Rodrigues 1997

e Two kinds of diquarks: Scalar (spin 0) and Axial-vector (spin 1).

Specification of Nucleon-Diquark-Quark vertex:

_— —— = = =

(dg; P — p, M| ;(0) | P, S) =

e Ingredients, sufficient for T-even PDFs, e.g. fl(u) and fl(d)

2 PH
yr 9P ( R—),Tzczg@?)

IM
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e T-odd PDFs: consequence of Gauge link — 1 Gluon exchange approximation

p+1 [

—_——— o - - — - - — - - - =

'aYaYaY ol

e gauge boson-axial vector diquark couplingBacchetta et a’ g,

v1v .
Port 2 = —iegq [0V1V2(p1 + p2)" + (1 + 1) (9""2(p2 + @)1 + g*"1(py — ¢)¥2)]

Account for composite diquark thru anomalous mag moment K in vertex

- - 9 — - = - — - - - - =

P, P2, V2

e axial-vector diquark and scalar diquark propagator:

—i(g" — (P—P—Z)M(QP—P—Z)V)

DH(P —p—1) = —s :
az (P =P = 1) P —p—1)Z—mZ+i0

PENNSTATE
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— Loop-Integral (axial-vector diquark):

[ 25 g((+ P9 D (P = p = 1) (5, ) T iy

Te[(P+0) (vF—~Rg B ) (b-ma)rv T2 (G pmg) (v1+Rg Bf ) 73]
[l2 )\2—|—’LO] [(l—i—p)2—mq—i—10]

e Simplification the numerator — sort by powers of loop-momentum |

g((I+p)*)g(p*)1*1...1%

N J(z')ozl...ozl

f (27")4 [(v-1)410] [l2—|—20][(l—|—p P)2—m2—|—20][(l—|—p)2—m2—|—10]

° U= {1_,0+,6T}, [T — 0,1 — oo, ap = — =Light cone divergence!

e Regularization procedure Collins:NPB 1982 , Ji, Ma, Yuan PLB: 2004 :
1) Clean procedure: (Gamberg, Hwang, Metz, MS, 2006) Introduction of Wilson lines

off the light cone, v = {1_,A+,6T},

2
— hi " (x, P2 In | —
Fon (o, o) o (5 )

Transverse Momentum, Spin and Position . . . , ECT™ June 14th 2007
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2) Phenomenological procedure: Form factor g(p2)

— additional pole produces additional factor [[T]™ in numerator —
Regularization.

e Transverse Integral:
hJ_ ax f dng F((l+p) )[Afl +BlT(pT lT)—i-C’lT—l-D(pT lT)—i-E]

(] [0 +rp)2+id ]

e ¥ =0: no IR-divergence!
e A #0: UV-divergence = Further specification of form factor:

2
2 2 —b|p“|
2 [p mq] e

[p? — A2 + i0]°

g(p°) =N

e Integration leads to incomplete Gamma-functions I'(n,z) = [~ e %" 'dt,n >
0.

PENNSTATE
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Results & Phenomenolgy

Flavor-dependent PDFs from diquark models: u = %s -+ %a, d = a,

moments: hf(n/Q)(af) = [ d*pr %hf(x,ﬁ%)

_ 1 (u12)
1= fur - First Moment of Boer Mulders and Sivers Functions
— xf @12 01— L(@u 1
T —
L S ) _ 1T
i 2TTN : Smmmm —— e
0.8 / ~~o \\ — X — e ~o
- v O — - x4 . 005 7 DANY — ]
,;/ ‘\\\ __ _{deRv) / RS @d
0.6 — y RN xf — | // ~o — - xh) 1
/ \\ ~
/7 \ xf(x) | S~
B 1/ N\ . ~~_
1 N oLt b b b oy
XT0qa 1 s A 7 02 04 0o~ 08
/// ’;;"‘-—‘a\\ \\ N ’ //
- b/ \ N\ N - P -
/; / ,,/// \\ \\\\\ _ _ -
02 )17 N AN I -0.05 &~ —— |
124 N N
_// \\\\ \\\\ -
l/ \\\\b\\ \\\\\ - .
o= 1 | v T TTT==
) : 0.4 3 0.8 1 01F .
-0.2
X X
. (u,d) . . .
e Comparison to Gluck, Reya, Vogt) —— parameters of the model, e.g. diquark masses, normalization...
1

e Comparison to parameterization of Sivers function flJ‘T — size and sign of FSI.

e Boer Mulders up and down are negative is spectator model

PENNSTATE
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Quark Transversity & Boer Mulders Function
GPDs-Impact Parameter PDFs

e Correlations transverse-spin & intrinsic k| serves fix sign Boer Mulders

o 5% (2,b1) < hy ! WHERE 8¢¥ (2,b1) = —gi75%-(2Hr(2,b1) + Er(2, b1))

* dg = fdmfdeL5qX(a:, b )by = R%/QM
e Transverse distortion in impact parameter space of transversly polarized quarks in an unpolarized nucleon Burkardt

PRD 2005, Diehl, Hagler EPJC 2005
* Implies up and down quark Boer Mulders function-same sign!

PENNSTATE
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e Supports

* Lg N arguments Pobylitsa hep-ph /0301236

* Bag Model calculation Yuan PLB 2003

* Implications cos 2¢ phenomenology in SIDIS & Drell Yan

e Lattice QCDSF/UKQCD, Hagler et al... calculations of matrix elements on the lattice

"Eﬁ) = Fr

Preliminary results for the spin densities
QCDSF/UKQCD

06 06 \\ 06
04 0.4 ko & 04
0.2 0.2 (\\ 0.2
E £ E
s ° 3 ° s 0°
-02 ~02 o2
-04 o4t o4
- -06
08 up @ -06 up @-»
~06-04-02 0 02 04 06 -06-04-02 0 02 04 06 ~06-04-02 0 02 04 06
y bxIfm] bx{f;m "
é X [ Boer-Mulders J+—{ Burkardt PRD 2005 |
0.6 0.6 /M“\
~
0.4 04 = 3
g £ ™
= >
< < 02 2 ~02 ===
AN /\_/ N7
04} 04 \\/\/
08} down @ <% down (@
206-04-02 0 0.2 04 06 ~0.6-0.4-02 0 02 0.4 0.6 -06-04-02 0 02 04 06
by{fm] by(fm]
Ph. Hagler, QCDN'06 27

see talks of Burkardt and Hagler’s

PENNSTATE

Transverse Momentum, Spin and Position . .. , ECT* June 14%h 2007



Mulders-Kotzinia n—hlLL

* Valence Normalization,
1 1
fo u(z) = 2, fo d(z) =1
e Black curve- zu(x)

e Dashed curve - zu(x) GRV X

e Red/Blue curve achlLL(l/2)(u,d)
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Pion Fragmentation Function

Bacchetta, L.G., Goldstein, Mukherjee in prep

Normalized to Kretzer, PRD: 2000

5 ‘ T T | T T T

- \ —_— Q:4 _
\ — Kretzer NLO

,
[EY
a
—~
N
~
T
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Gauge Link Contribution to 7-0Odd Collins Function

|-
L.G.,Goldstein,Oganessyan PRD68,2003 Ale 75](2:, k1) = é f dk+TT(’y_’yJ"y5A)|k_:P_/Z

P . .
%;¢“ '.N / . \

, ~
Ad : ‘e . : S

T P / : \
Pl i e i ‘ |p

P P P P FEikonal Feynman Rules Collins '82 g—j:,lje

Motivation:color gauge .inv frag. correlator
pole contribution” Gribov-Lipatov Reciprocity 1974, Mulders et al. 1990s
does not hold

Transverse Momentum, Spin and Position . .. , ECT* June 14%h 2007
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Process Dependence: Gauge Link Contribution to Fragmentation Function

L.G., Goldstein, Oganessyan PRD: 2003: Bacchetta, Metz, Jang: PLB: 2003, Amrath et. al.: PRD 2005,
L.G., G. Goldstein & Como Proceedings 2006

*
*

Collins Metz PRL prove Universality. Basis for cut method of Bacchetta et al.

Another argument in spectator model use Cauchy’s theorem to evaluate the Color Gauge
1 —

invariant Correlator A" 5l(z k)

Analysis of pole structure in ¢tindicates a singular behavior in loop integral-looks like a
“lightcone divergence” at first sight: §(£)0(£L ) f(£)

e f(£ ) polynomial in £~ -vanishes...

Transverse Momentum, Spin and Position . .. , ECT* June 14%h 2007

Regulate it keep n off light cone, outside physical regime

1
n ¥+ ie

n = (n",n",0) (see CS NPB 1982, LG, Hwang, Metz, Schlegel PBL:2006)

t-channel cut n Eikonal and Spectator vanishes i.e. G.P. contribution zero: Metz 2002, Collins
Metz PRL 2005

s-channel cut

On Fragmenting quark and gluon contributes
Reciprocity Fails, “T-odd" Fragemtation Function Universal between e e~ and SIDIS
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Bacchetta, L.G., Goldstein, Mukherjee Re-analysis and Kaons

0.2 |
—— BGGM
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CLAS12 PAC 30-Avakian, Meziani. . . L.G. ..

cos(2 o - P krm-pn—2(hekor) (B
AUU( Ph) fd2pTd2kT 52 (pT — kr — hL) 7P 2(h ) pT)hf‘HlJ‘

Zp, Mmﬂ'

Model assumption for

0.2
i — JLAB12GeV, 1 x[0.4-0.5], 2[0.6-0.7] 1
015l — JLAB12GeV, 1 x [0.4-0.5] 2[0.6-0.7] i
' — JLAB12GeV, m x [0.08-0.7] 2[0.3-0.8]
i — JLAB12GeV, 1 x [0.08-0.7] 2 [0.3-0.8] |
0.1
&
o]
o]
< 005

-0.05
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CLAS 5.7 PAC 32-Avakian

1(1),,L(1
1L()H1()

Kotzinian and Mulders PLB 1997

0.2

0.15 — JLAB12GeV ' _
— JLAB12GeV m

0.1

0.05

UL

0.5 1

Asin2¢

-0.05

0.1 —

-0.15 —
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cos2¢0 JLAB, EIC, GSI, JPARC ...

e Georgi and Mendez 1975, Kroll and Konig 1982 gluon PQCD “.. gluon bremstrulang competes
with convolution of hiL X HlL

e Cahn Effect: Chay-Ellis PRD 1995,L.G., Goldstein, Oganessyan DIS03-proc 2003,Barone,Ma, PLB: 2006,
Anselmino,Boglione,Prokudin, Turk Chay et al PRD: 95

e Qui Sterman Ji Yuan Vogelsang approach 2006

<

L —
/((o’(‘- k=Pt 4+ ky

PENNSTATE
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Unpolarized DRELL YAN cos 2¢

lepton plane (cm) p + p — 'Ll/_'u/—i_ + X

tdo 3 1 <1+A 20 + psin® 0 cos ¢ + = sin? 6 2¢) (1)
— — COSs S1n COS — S1n COS
cdQ  4nA+3 H 2

Angles refer to the lepton pair orientation in their rest frame relative to the boost direction and
the initial hadron’s plane. Asymmetry parameters, A\, i, v, depend on s, x, miu, qr

BoerPRD: 1999, Boer, Brodsky, Hwang PRD: 2003 Collins SoperPRD: 1977 subleading twist

. . . . . L
e leading twist cos 2¢ azimuthal asymmetry depends on 1'-odd distribution h7 .

M1 Mo
v = > — (2)
Za,d ea','r[flfl]

1 Pl
23, e.F [(QPL ki —py- ki)™ ekt (.2p)

Convolution integral

F = /d2p¢d2k¢52(19¢ +ki—ql)f(z,p)f"(Z, kL)

Transverse Momentum, Spin and Position . . . , ECT™ June 14th 2007
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Higher twist comes in

hi- (z,k2)hi(z, _
2% ,e.F |(2pL - kL —p1 - ki) : ﬁiﬁ; Pr) | 4 va|wy f1f1])

> aa €2 F [f1fi]

vV =

where

ézaefﬂ'— [w4fl(m7kJ_)f1(jva_):|
S L 2F (filz, k) fi(z,p1))

Vyg =

. 2
where the weight wy = 2 (h (kL — pL)) — (kL — PL)Q

PENNSTATE
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0.4

0.3 ////"‘_‘s\\\ |

~

7 o~
~N
A% , ~
/ <
0.2 / _
/
/
/
/,
- / |
0.1 /
/

0 | | | ! | ! |

0 0.5 1 15 2 25 3
9

Perform Convolution integral L.G., Goldstein
s =50GeV?, z = [0.2 — 1.0],

q =1[3.0—-6.0] GeV, gr =0 — 2.0GeV

q%/@2 corrections
Q%(1+4%/Q%)

1o = .
qr/Q can be order 0.5
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SUMMARY

e Going beyond the collinear approximation in PQCD recent progress has been achieved
characterizing transverse SSA and azimuthal asymmetries through “rescattering” mechanisms
which generate T'-odd, intrinsic transverse momentum, k_, dependent distribution and
fragmentation functions at leading twist

e Central to this understanding is the role that transversity properties of quarks and hadrons
pocess terms of correlations between transverse momentum and transverse spin in QCD hard
scattering

e The tranversity programs Belle, HERMES, RHIC, have uncovered large effects and near term
Hall-A Transversity will start to check flavor structure of T-odd TMDs

e Future experiments to uncover the Boer Mulders function was approved at JLAB Hall B-CLAS12
proposal on cos 2¢ . Will also be a check on the Collins function

* Azimuthal asymmetries in Drell Yan and SSA can be measured at GSI-PAX, JPARC as well
* Transverse spin effects are more than h;
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