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® Transverse spin Effects in TSSAs

® Gauge links-Color Gauge Inv.-“T-odd” TMDs

® T-odd PDFs via FSlIs & “Transverse distortion”

“QCD calc®“ FSIs Gauge Links-Color Gauge Inv.“T-odd”

“Pheno” -Transverse Structure TMDs and TSSAs-b and

An improved dynamical approach for FSls & model bui
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e Single Spin Asymmetry

Parity Conserving interactions: SSAs Transverse Scattering plane
Ao ~ iST ' (P X PI)

e Rotational invariance o'(zr,p|) = o' (xp, —p1)
= Left-Right Asymmetry

T T
Ay = 2 @ppi)=0 (Tr,=P1) — A,
N UT(wFapJ_)_I_O-T(xFa_pJ_)




Reaction Mechani

* Co-linear factorized QCD-parton dynamics

AP =X £ @ f @ A6 @ DI
Requires helicity flip-hard part A6 =6 — 5!

* TSSA requires relative phase btwn different helicity amps

o 6 =6t Im(MTTMT)
a p— ~Y
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e QCD interactions conserve helicity
m, — 0 and Born amplitudes real

Mg

* Apn ~ Kane, Repko, PRL:1978

E

Twist three and trival?!
Not the full story @ Twist 3 approach ETQS approach

Phases in soft poles of propagator in hard subprocess Efremov & Teryaev :PLB 1982
Qiu-Sterman:PLB 1991, 1999, Koike et al. PLB 2000. . . 2007,

Ji,Qiu,Vogelsang,Yuan:PR 2006,2007. . .



Large Transverse SSA’s at Vs = 62.4 & 200 GeV at RHIC
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| 20% polarization uncertainty on A“ scale
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Collins Asymmetry

Compass-proton data 2007 comparison w/ HERMES-Collins
D. Hasch INT-12 GeV
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Sensitivityto 77 ~ ki << Q7

e Sivers PRD: 1990 TSSA is associated w/ correlation transverse spin and
momenta in initial state hadron

St
/—'P—-ﬂ R 7L’P_.//L”

X

St
T .
AcPP 7™ D& f®Afl®aBorn:> Aft(z, k) =iSr- (P x ki) fir(x, k)

e Collins NPB: 1993 TSSA is associated with transverse spin of fragmenting
quark and transverse momentum of final state hadron

P P

S
X

ST

epl —en X 1 A
AoP ~ AD—® f X TBorn —> AD(z,pL) = ist - (P X pJ-)HlJ_(xapJ_)



@ Brodsky, Hwang, Schmidt PLB: 2002

SIDIS w/ transverse polarized nucleon target

e pl — enX e

Collins PLB 2002- Gauge link Sivers function doesn’t vanish

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

LG, Goldstein, Oganessyan 2002, 2003 PRD, Boer-Mulders Fnct, and Sivers -spectator model

P N IV

LG, M. Schiegel, PLB 2010 Boer-Mulders Fnct, and Sivers beyond P-q

summing the FSIs through the gauge link > q




Factorization & Sensitivity to Pr ~ k1. =3 TMDs

John Collins Nuclear Physics B396 (1993) 161-182

4 3.4. FACTORIZATION WITH INTRINSIC TRANSVERSE MOMENTUM AND POLARIZATION

L

Ralston Spoper NPB 1979, Collins NPB 1993

Fig. 2. Parton model for semi-inclusive deeply inelastic scattering.

E’EBHTI,CIZ_:;I); - Efd§f¥[d2kal fdzka_ f:z/A(§, k

do n
XE’EkaDB/“(g’ ky, )+ Y(xBj9 Q, z, qJ_/Q)

at) €—— Collins Soper NPB 1981, & Sterman NPB 1985

The function f, ,4 defined earlier gives the intrinsic transverse-momentum
dependence of partons in the initial-state hadron. Similarly, D Ja gives the

distribution of hadrons in a parton, with k£, being the transverse momentum of
the parton relative to the hadron.
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y dedp dp d*kpdk—dk™ _ P,
W0, P8 B~ e [ SR [ — P )i — ) or + ar — k)

xTr [®(p, P, S)v* A(k, Pr)7v"]

2 2k
s | 5 " D (for o) (fars)

Integrate out small longitudinal momenta components

momentum
P S)= [ dp®(p,P,S Az kr) = [ dkTA(k, Pr)
(Qf,pT, ) /p (p7 ) )p‘l‘:xBP“" (Z, T) /P (:7 h) ki_z]:;
SRR I
N
Integration support for integrals is where , 2.
R

transverse momentum is small-"cov parton model”
e.g. Landshoff Polkinghorne NPB28, 1971 ()




What about FSls and TSSAs!?
_ Extend Parton Model result-Gauge Links

*What are the “leading order” gluons
that implement color gauge invariance!
*How is the correlator modified?




“T1-Odd” Effects From Color Gauge Inv.Via Gauge links

Gauge link determined re-summing gluon interactions btwn soft and hard
Efremov,Radyushkin Theor. Math. Phys. 1981
Belitsky, Ji, Yuan NPB 2003,
Boer, Bomhof, Mulders Pijiman, et al. 2003 - 2008- NPB, PLB, PRD

dé—d?
VU o, pr) = [ S PROUS o En) Pl

Summing gauge link with color
LG, M. Schlegel PLB 2010

e The path [C] is fixed by hard subprocess within hadronic process.

/ d*pd*ké*(p + q — k)Tr {cb[ oes¢1 (p VH ] (p, k)A(k)H, (p, k)}

fT ______ O‘ .....
| SO Ul




Wilson Line = Gauge links ... Path ordered Eikonal

S _ . N _ g J72 ds-A(s)
U[Z1,z2] T W[Zla ZQ] — [Zlv 22] = Pe -l
A -
2T
n=0"2.%) 057
<& AN\
WrMD A
> 2~
>—— ANN/ )
21 = (07,75, =51 (07, +o0, —5T)

Process Dependence, Coliins plb 02, Brodsky et al. NPB 02, Boer Mulders Pijiman Bomhoff 03, 04 ...

rp----- o

SIDIS 1 1 DY

CIDH]*(x, pT) — m173q)[—] (:Ua pT)i’7173



Ji, Ma, Yuan: PLB, PRD 2004, 2005 Extend factorization of CS-NPB: 81

Also see Bacchetta Boer Diehl Mulders JHEP 08

Fyur(z,z, Pr, Q%) =C[fi1D1]

— /d2pT d2kT d2lT 5(2) (pT —kpr + 1l — PhJ_/Z)

v Y e fi(x . p?) DY (2 ki ) Ul 1) H(Q?, 1)

A T

TMD PDF TMD FF Soft factor Hard part

Collins, Soper, NPB 193 (81)
Ji, Ma, Yuan, PRD 71 (05)




Leading Twist TMDs from Correlator is Matrix in Dirac

+ . | EijpTiST' 1
(I)h ](iC,pT) — fl(xap?r) | - M L 1T(x7p3“)
Pr-S
(I)[WJFWE)](:E)pT) = A glL(ajap’%) | TM - ng(xapi)
. 4 : T ST
(I)[w Jr%](ajva) = S; th(x,pi) T % <)\ hﬁ(x,pi) - g M hi}(x,p?))
ch&rjpjf 1 2
I M hl (sz?pT

“ Avakian Mulders-tableau”



TSSAs in SIDIS

d°0 = 6para Clw fD]

Structure functions that
are extracted

Fas :C[wa]

P

ClufD) =Y o, / Pppdlps® (pT—kT )f“(w,p%)l?“(z,k%)

Z



Transverse Spin
Observables and TMD
Correlators in SIDIS

[pr, P] L eészz’STj
= — (e, pr) =P

kr, " fo: S
[k, Pr] _ZDf_T(Z,kT>€T TiOT)
QMh Mh

®(z, pr)=5{ file, p)P + ih (2, pr)

A(z,kT):i{le(z,kT)Ph—|—7JzH1L(z,I<:T) Pn+--- }

SIDIS cross section

i

Q

k2
+ { L £ ®d6*" ® Dy + hy ® d6*T7 @ Hi-| - cos2¢

Q?

4+, |S7| - h1 ®d6*9% @ Hi - sin(¢p + ¢g) Collins

/ Srl- fir ® d6""" @ Dy - sin(¢ — ¢s)  sivers

transversity + 1Sz - hf_L X doti—ra %Y HlJ' . Sln(2¢) Kotzinian—MuldersPLB

doy )™ o« f1®ds" "M QD+ —=f1®ds" 7 ® Dy - cos ¢




Spec. model workbench for ISI/FSI TSSAs &TMDs | .. h , Do, Hi

e  calculation Quark-Quark Correlator in Full QCD

de~d%er _
" @ pr) = [ S )iT P (PBOUSL (e €0 Pt

e Use Spectator Framework Develop a QFT to explore and estimates these effects with gauge links

= BHS FSI/ISI Sivers fnct, -PLB 2002, NPB 2002

Ji, Yuan PLB 2002 - Sivers Function

Metz PLB 2002 - Collins Function

L.G. Goldstein, 2002 ICHEP- Boer Mulders Function

L.G. Goldstein, Oganessyan TSSA & AAS PRD 2003-SIDIS

Boer Brodsky Hwang PRD 2003-Drell Yan Boer Mulders

Bacchetta Jang Schafer 2004- PLB, Flavor-Sivers, Boer Mulders

Lu Ma Schmidt PLB, PRD, 2004/2005 Pion Boer Mulders

L.G. Goldstein DY and higher twist, PLB 2007

LG, Goldstein, Schlegel PRD 2008-Flavor dep. Boer Mulders cos 2¢ SIDIS
* Conti, Bacchetta, Radici, Ellis, Hwang, Kotzinian 2008 hep-ph . . .!

e Spectator Model “Field Theoretic” used study Universality of T-odd Fragmentation A;;
* Metz PLB 2002, Collins Metz PRL 2004
* Bacchetta, Metz, Yang, PBL 2003, Amrath, Bacchetta, Metz 2005,
* Bacchetta, L.G. Goldstein, Mukherjee, PLB 2008
* Collins Qui, Collins PRD 2007,2008
*
*

2 S D S D, D, D P P

Yuan 2-loop Collins function PRL 2008
L.G., Mulders, Mukherjee Gluonic Poles PRD 2008

% Mulders & Rogers Fact. breaking PRD 2010



Studies FSls in 1-gluon exchange approx.

LG, G. Goldstein, M. Schlegel PRD 77 2008, Bacchetta Conti Radici PRD 78, 2008

Build the T-odd TMD PDF
with Final State Interactions--
one gluon exchange approx of

AT Gauge link

4 2
Wi(P,k,S) =—iegeq (26171)4 g“x((fg ) )8’2}(13 —p, ANDLGP—p—1)

« |g7Pv-QP —-2p—D+(0+ k) (P—p+ 1P +vP(P—p—20)°7)]
[[- v+ i0][1* +i0][(I + p)* — m + iO]
<[+ 1 mys(v1 =Ry Julps) ).

l

M _
8(2m)3(1 — z) P+ (W7+W

Eg‘zk%’s‘%fﬁ(% E%) — =

—W +W‘
ST /y —ST)

Many model calculations studying dynamics of FSls
Brodsky, Hwang et al, Bacchetta & Radici, et al,
Pasquini et al, Courtoy et al,



xf(x)

moments: h;

‘ Flavor Dependence: Results & Phenomenology I

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

1

0.2

0.1

1/2 S|P
(1/ )(x) = [ d*pr %h%(x,ﬁ%) L.G. Goldstein, Schlegel PRD 2008

e Comparison to f1<u’d> (Gliick, Reya, Vogt) — parameters of the model,
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Sivers
Anselmino et al. PRD 05, EPJA 08 Gamberg, Goldstein,Schlegel PRD 77,2008
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FIG. 5 (color online). The first moment of the Boer-Mulders
X k| (GeV) and Sivers functions versus x for « = 1.0.

Fig. 7. The Sivers distribution functions for v and d flavours,
at the scale Q% = 2.4 (GeV/c)?, as determined by our present
fit (solid lines), are compared with those of our previous fit [2]
of SIDIS data (dashed lines), where 7° and kaon productions
were not considered and only valence quark contributions were
taken into account. This plot clearly shows that the Sivers func-
tions previously found are consistent, within the statistical un-
certainty bands, with the Sivers functions presently obtained.
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Beyond One Loop —

So far: Most phenomenological approaches to T-odd TMDs
- Final state interactions modeled by a one-gluon exchange

e.g. Diquark-model, MIT-Bag model etc.
Sivers-effect ~5%, fﬁlmu’d ~ F0.05

oy ~0.2—-0.3 “strength of FSI”

BHS (02)

Ji-Yuan (02)

LG, G. Goldstein (02,03..

LG, GRG, Schlegel (08)
Bacchetta,Conti,Radici et al. (08, 10)
Lu Schmidt (05, 06)



remmnant

Non-perturbative calculation of FSis L.G. & Marc Schlegel
Phys.Lett.B685:95-103,2010 &

Mod.Phys.Lett.A24:2960-2972,2009

HEGR

<W7+W

M

N/~

M

1] 1.9 L 72\

W +W‘
S ! —ST>



Fruitful to exploit 2+| Dimension Transverse Structure and

Intuitive picture of Sivers asymmetry: Spatial distortion in transverse
plane due to polarization+ FSI leads to observable effect
Non-zero Left Right (Sivers) momentum asymmetry

Gockler et al. PRLO7 x-moments of IP-GPDs
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Used to predict sign of TSSA-Sivers

dy

q

1
— mJ a’xEq(x,0,0)=

kP =1.79,
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Fig. 7. The Sivers distribution functions for u and d flavours,
at the scale Q? = 2.4 (GeV/c)?, as determined by our present
fit (solid lines), are compared with those of our previous fit [2]
of SIDIS data (dashed lines), where 7° and kaon productions
were not considered and only valence quark contributions were
taken into account. This plot clearly shows that the Sivers func-
tions previously found are consistent, within the statistical un-
certainty bands, with the Sivers functions presently obtained.
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“Spin-Orbit kinematics”

Analysis of correlators for Burkhardt-02 PRD & ..
Diehl Hagler-05 EPJC,

TMDs and IP-GPDs similar forms Meissner, Metz, Goeke 07 PRD

q L. q(.. 1.2 E?szZTSJT Lagr.. 122
D (kaTBS):fl(makT) M 17 (T, k7).
q(r P 2o EpbiST Y
f ('277 bT) S) — Hq(a:7 bT) | M (gq(aja bT)) |
kT < br Not conjugates (!) and ...
1 7.2
T (@ k7) aNaive Todd”

» /
(5(557 b2T)> “Naive T-even”

FSlIs needed.... Burkardt PRD 02 & NPA 04
How do we test this further?



Summing Gauge Link, Impact parameter
& spectator remnant

remmnant-
spectator




Fourier transform of GPD F(z,0,Ar) @ & =0

Burkardt PRD 00, 02, 04...

Localizing partons: impact parameter

» states with definite light-cone momentum p™
and transverse position (impact parameter):

Soper PRD1977 Ip7.b) = [ d*pe P |p*,p)

z bt
21/2:::—71_ 9
FT.
b A
)

Prob. of finding unpol. quark w/ long momentum x at position br in trans. polarized
St nucleon: spin independent H and spin flip part £’



Observable to test this possible connection btnw TMD and Impact par. picture?

Frlr(o) = [ dPbr b 4Ty 8 (Sh)] - oy 0)(-5i)

= [ d&*br [ 565 Zwlﬁz<P+§6T;5T|”¢(»2’1)7+[7«’1;22] (22)|PT; 0p; St)

N

21/2 = --%n_ + br Impact}arameter rep for GPD E

I'"(z7)= [dy [z 7597 JgF ™ (y )|y~ 527] Soft gluoniépole op

Phases in soft poles of propagator in hard subprocess Efremov & Teryaev :PLB 1982
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N Di : | FS|
M. Burkardt [Nucl Phys. A735, 185], [PRDGE, 114005]

(k' (x))ur = / hy Ky 3 [Ty 8 (7)) - Ty 0)(- 7))

Manipulate gauge|link and trnsfm to }, space

1)k hr =5 [ e [ S (7, s 1)y Wiess ) Gl P, 07 )

2) Flis, I;T;S)=% f ‘ZT (P (Pt O 1z )T Wz d(@)lP 08, [ = 7+

Comparing expressions difference is additional factor,
[49>%and integration over b



Conjecture: factorization FSI| and spatial distortion:

) ij qi p-L(1 () T —’T 7"
(ki) (@) = ML Sy fi") m [ dPbrT(a, 03) B3P0 06 (2,7

T'(x,b%) Lensing Function

remmnant-
spectator



Boer Mulders as well ...

* Av. transv. momentum of transv. pol. partons in an unpol. hadron:

(k) (@

1+ 5

fko kle” % ((I)[za ~ ](S) 1 (I)[ig’i+75](_s))

>

—2M2 hlL’m(.’L“) ~ /deT b} f(:v, I;T) % <5T + 27:[7") (CU, 5%)

Diehl & Hagler EJPC (05), Burkardt PRD (04)




* Relativistic Eikonal models: Treat FSI non-perturbatively.

We calc “W?” again....

ngk%séff:r(% k7) = —

AW (P, k) =

M

8(2m)3(1 — z) P+

C
== >
w~tw| W +W)

( W]~y _ST)

/

d*q
(2m)*

gn[(P —q)?]

(P — 4 + mg)u(P, S)liMG2(q, P — k)

n- (P —k—q)+][(P—q)? +m2 +ig)[qg? — m3 + ig]

- Step 1: Integration over q':

Assume no q & q* poles in M.

g - poles at one loop for higher twist T-odd TMDs [Gamberg, Hwang, Metz, MS, PLB 639, 508]

- Step 2: Integration over q°:

Fix the q+ - pole

1

1

=P
(1-z)Pt—q¢t+ie  (1-z)Pt—qt

emphasizes a "natural” picture of FSI
equivalent to Cutkosky cut, assumptions of Step 1 valid in Eikonal models

—imd((1-z)PT - q¢")




Conjecture born out factorization FS| and spatial distortion
in eikonal + spectator approximation

i ij qi L (1) i 172\ brxSr "
(k) (x) = M Sy fir) ~ [ dPbrT (x,07) M3PE 50 € (2,7

T'(x,b%) Lensing Function

remmnant-
spectator



Eilkkonal Color calculation and path ordered gauge link

Abarabanel ltzykson PRL 69
Gamberg Milton PRD 1999
Fried et al. 2000

Trick to disentangle the A-field and the color matrices t: Functional FT

(e—z'gf; dﬁv-Ao‘(erﬁv)t“)ab: A / Da / Dy i ] 707 (0 (1) yig [ dr @ (7) v-A7 (4 70) (ez‘f; dft%ﬂm)“b
_|_

_|_



FLOW CHARIT for calculation of Boer Mulders

L.G. & Marc Schlegel

Phys.Lett.B685:95-103,2010 & Mod.Phys.Lett.A24:2960-2972,2009.

2hl(1)(x) ~ fdsz by - I(x br) — Wﬂ(x b%)

0B
d?
I'(x, qT(‘ﬁ:—QT) (S[Melk]) (Pl

Ne J (2m)?

Non-pertb

ﬁy(lﬁT — q"T|)). FSlIs in here

((27r>26“ﬁ6<2><ﬁT _gn+(® Meik])
ya

(1 — x)P*
ng

N?-1 sz lau l (ZrDt-a itu
&~ ) (o) g
(27T)N2 ad 5B

/ COLOR Integral

N2—1 dVelu (|77 )t 1
_ ‘- —ia-u [ Aix(1ZrDta itu)
Jas () = f da f (2m)Ne-1 © (e )a(s (e )6,8 Oap

(M), 1 + Erl) =

deZT e_iZT'(q)T‘H?T) (20)




ensinguFunctioné.untanglinauthe.COLOREACIOR

T'(x,br) = q=% bT C[ﬁ],
2Nc  |by| 4

80 ' I ' I ' I
-|— Numerical SU(2) n=8
|- Analytical SU(2)

L|— Numerical SU(3) n=7
|— Numerical SU(3) n=8

C[ %] 40

N21 N2 -1

Jap(x) = Z(l a1y ;‘J 7 7(t Rl SRS

a,=1 P,




x? (1Zr]) = 2 f dkr kras(k3)Jo(Zrlkr)Z(k7, Ajep) /K-
0

> a5(0) Zp ) = pO(ptud)
as(u”) = 2 /A2 2 /A, (35) % N2
IRGISERTIeR v o(2] va(5)
The values for the fit parameters are A = 0.71 GeV,a; = 1.106, = (QS%ZZ;) A A =, (36)
a,/s 2 \K 2
a = 2.324, by = 0.004 and b, = 3.169. Fisher & Alkofer prd 03,Annal of phys. 09 1+C(%) td %)
with the parameters ¢ = 1.269, d = 2.105, and § = —%.
5
\ — A=02GeV | ]
4 A=0.5GeV | - euse running coupling extended to
- ﬁ:(o) (7) ggy; . non-perturbative regime
: *sluon non-perturbative gluon
3k - gl perturbative gl
propagator
xlz I |
T
o= B
1E B
0 |
5 0 2 4 6 3 10



Lensing Function

Express Lensing Function in terms of Eikonal Phase:

: - 1 b r z : - 1 b 7 2 , 7
T (@, br) = Z,gT,x’<'1_Ti>[1+C°SX<1—Tx>} I(’N:2)(m,bT):§g_T’ /<\1_Tal){3(1—|—cos%)+(%) —sm%(%—sm%)](tﬂl)
T T
g N=3)(Z, br) = numerics L.G. & Marc Schlegel
Phys.Lett.B685:95-103,2010 & Mod.Phys.Lett.A24:2960-2972,2009.
FSI + distortion
Spin Structure of the Pion
0 o
Py
,Q'\H
N
o
* — U(l)
~~ — SUQ2)
PRL 08 05 — SUG) -
D. Brommel,"” M. Diehl,' M. Gockeler,” Ph. Hagler,’ — Perturbative a=0.3
-1 '
5 10
bT

FSlIs are negative and “grow’ with Color!




Prediction for Boer-Mulders Function of PION

L.G. & Marc Schlegel
Phys.Lett.B685:95-103,2010 & Mod.Phys.Lett.A24:2960-2972,2009.

. | . | . |
0 0.2 0.4 0.6

Relations produce a BM funct. approx equiv. to Sivers from HERMES

Expected sign i.e. FS| are negative
Answer will come from pion BM from COMPASS 7 /N Drell Yan



. Results for u & d-quark Sivers

0.1 . . ; . . .
- = == == Diehl SU(3) ]
0.081 Guidal SU(3) -up quark _ —
- « == = « Guidal SU(3)-down quark i b4
0.06 [ PR S Diquark | :v
o ‘ | vhs
] P
- <
i <
B —
i >
| -
i NI o
] L ]
=
] <
7 >
'O 1 I | . | L | I
-0 0.2 04 0.6 0.8

*Relations produce a Sivers effect 0.10-0.65 Nc=1 to 3

0.06—

0.04

0.02

Q2 =2.4 GeV?

-0.02

-0.04

-0.06

*Torino extraction ~ 0.05 SU(3) ! agrees with Chromodynamic LENSING

eSivers effect increases with color

eColor tracing gives result of N. counting of Pobylitsa however there are subleading

contributions that are non-trivial in performing color tracing
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Reality Check

Parm. of GTMD correlator hermiticity parity time-reversal
from Andreas Metz INT ¢alk

(xa f, ET? 5T)

1 [dz™ d*Zr . _
Wq:g/ ;T (25; e <p';>\'\w( ;)’7 WGTMpw( )!p,A>)

e Projection onto GPDs and TMDs

1 dz— _ Z
) L — - tk-z /;>\/ (__) —|—W ( ) 7
5| 5—¢ (P K 5) 7 Warp ¢ ps )| -
— /dQET W
1 dz= d°Zr . _ z
o e s ()
> or @€ (P N9 (=5) v Wraun ¥ (5) |p .

- Wi

A=0



GTMD-Wigner Function Correl

e Parameterization of GTMD-correlator Miessner Metz & Schiegel JHEP 2008 & 2009

Example:

+ 1 1o Tk 1o TA el AN
webr] — Ve u(p’, ) [Fl,ﬁ L Fy o L F 3 S— F1,4} u(p, \)

P ’ P M?

— GTMDs are complex functions: F ,, = an -+ Zan

e Implications for potential nontrivial relations
— Relations of second type

—

E(z,0,A2) = /d2ET {— FY, + 2< TA;

Flot+ Fiy)

Ar
2
T

1 =2 0 =2
fir(z, kp) = — 1,2($aOakT>OaO)

— No model-independent nontrivial relation between E and f;- possible
— Relation in spectator model due to simplicity of the model
— No information on numerical violation of relation

— Likewise for nontrivial relation involving hlL



Conclusions

® Going beyond one loop in spectator framework
transverse distortion of T-odd TMDs from FSls as
path ordered Gauge link, factorize into Lensing
function times transverse distortion

® Approximate dynamical relation good for
bhenomenological approach for model builders
® Pheno-Transverse Structure TMDs and TSSAs b and

k asymm. An improved dynamical approach for FSI
& model building

“QCD calc* FSlIs Gauge Links-Color Gauge Inv.“T-odd” TMDs



Calculation of M

* Calculate the amplitude M in a relativistice eikonal model:
[1970's: Fried, Quiros, Levy, Sucher, Zuber, etc....]

Exact 4-point function for quark-diquark scattering:

A1=A>=0

. i 1 _ i B 1 _
T = —e 2 {(eﬁL”Ql(m,mAl :eiT“ng(Al)> X <e§L22/C1(Z/27y1A2)e§T“n’C(A2)>]

neglect neglect

| = a7 - )
Linkage operator:  [Lis / AT () & ZQ)MJ(Zz)

Eikonal approximation: |L;;G™ =0




TMDs & Impact GPDs Project from GTMDs

W)[\F;\ (P kg, A n)— / . W)[\P;\/ (P.k, A,n) Integ. small component,
! ! GTMD--Meissner Metz Schlegel, 07
/ d°kr

FE/]\,(:E,Q“,?S) — / A’k WE/]\,(P,:U,kT,A,n)

>
|

0

=0
\/ FT : ATV<:>I;T

d?A ik
W;F;\/(Pyxyijojn) : ./ T A bF)\A onT)

TMD Impact-GPD




niftvine AN - ~ A OT I\ Yol V1 |

GTMD--Meissner Metz Schlegel 07,08

@ (P, x, k@: / dk™ Wi\lj;\, (P,k,A,n) Integ. small component !!!

FT : A=)
Wi (P k, Asn) <= W (P, k, b n)

Wigner functions--Belitsky Ji Yuan, 04

Reduce to TMDs, GPDs, Impact GPDs
Relations among them!



