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Generalized Parton Distributions

o Exclusive processes (DVCS, meson production, ...):

Skewness-parameter:

AT = —o¢pt

 GPDs — “off-diagonal” matrix elements of quark-quark operator:

A 27 irPtz™ n 2~ 27 .z z~
Fij(2,6,Ar) = [ 485" (l9;(-5) [ - 55 5] 4i(5)Ip)

* Project out quark polarizations. 8 leading twist GPDs

unpolarized: (H , F)(x,&,t) longitudinally: (Ij[7 E)(aj,f,t)

transverse [chirally-odd]: (Hp , Fr, FIT, ET)(x,f,t)
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| mpact Parameter Space

* Impact Parameter Space: ((=0) [M. Burkardt, PRD62, 071503]

e |mpact parameterb and transv. momentum transfer A — FT
d? A _iA+-b e
'F’LJ £, bT f (2n )Ee T TFij(CU,O,AT)
* Impact parameter space — “diagonal” matrix element Zl/F?%nﬁbT

Fij(w,br) = ;ﬁé ) e'=P" < (PF; 07|t (1) [21; 22] Wi(22) | P Or)

* (&=0): probability density of partonsin transverse plane.
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Transver se Momentum Dependence (T M D)

. Semi-inclusive processes (SIDIS, Drell-Yan, €' — H_+H_+ X)

do~f®D

f: TMD parton distribution
D: TMD fragmentation function

e TMDs — "diagonal” matrix element, but k_-dependence.

(I)ij([E,ET;S) = d;(zd)zT ezkz<P S‘¢]( )WSIDIS/DY[O Z] %( )‘P S>

2+ =0

* Project out polarizations. 8 leading twist TMDs

unpolarized: (f, flLT)(m,E%) longitudinaly: (17, , g17)

transversely [chirally-odd]: (hl, th, hlLv hf")
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TMDsIn pictures

DISTRIBUTION FUNCTIONS IN PICTURES
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T-odd TMDs

* Neglect gauge link operator:
< Sivers function fi5-

— Time-reversal forbids
Boer-Mulders function hi

* |f T-odd TMDs # 0: Gauge Link not neglegible, physical effect:
\ o i: - )\/\/\/\/\/\/\/‘

- - <

Initial / Final state interactions
Timereversa —» switchessign:

Wlprs | by Liprs Lipy
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Prominent Observablesin SIDIS

1.) Sivers asymmetry:

opr > o sin(¢n — ¢s)fir @ D1

2.) Callins asymmetry:

opr " ocsin(gn + ¢s)h ® Hi

3.) Boer-Mulders:
o2 D15 o cos(2¢)hi ® Hi

4.) “pretzelosity” .

oo o sin(3¢n — ¢ps)hiy @ Hi-

Collins-function important — BELLE data

) TIA
&K
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ee — H1+H2+X

* Azimuthal asymmetry:

+ -
0_66

~ H1J-7Q/H1 ® H1J-7Q/H2

T

* Belle data, 2008:
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Enables extraction of Collins function.
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Collinseffect in SIDIS

HERMES data: proton target COMPASS data: deuterium target
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Extraction of transversity

Combined data analysis. M. Anselmino et al. [Spin workshop, Beijing, 2008]
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e hY >0 h‘f < (0 inagreement with most models

e Soffer bound not saturated

* Improved fit, statistical errors reduced
* But: Fitsnot constraint by datafor x > 0.3...
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Siverseffect in SIDIS

HERMES data: Pions Kaons
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* Non-zero effects for pions and kaons — Sivers function exist.
* COMPASS data compatible with zero — flavor dependence.
* Kaon SSA > Pion SSA at X =~ 0.2... sea-quark effect?
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Extractions of Siversfunctions

S. Arnold et al., 2008 M. Ansalmino et al., 2008
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* NoON-zero sea-quark Sivers functions.
* both ansétze: small statistical errors, X* ~ 1
* again, Sivers functions not constraint for x > 0.4...
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Relations between TM Ds and GPDs

Trivia Relations are well-known:

fi(z) = H(z,0,0) = / Pl fi(z, k2) = / d*brH(z, b2)

—

g1(z) = H(z,0,0) = /dszglL(xak%)

hl(.SU) — HT(CE,O,O) — /koT hl(w,g%)

——> Mmodel-independent, integrated relations

also for twist-3 PDFs &(x), g.(X), ...
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Non-trivial Relations

Non-trivial relations for “T-odd” parton distributions:
M. Burkardt [Nucl.Phys. A735, 185], [PRD66, 114005]

Average transverse momentum of unpolarized partonsin a
transversely polarized nucleon:

@) = [ ey

Trfy @(S7)] - Trfy*@](-Sn)| o 7@

ﬂ Manipulation of Gauge Links + Impact parameter representation

05061 = [ i [ " 05l )

np=Fono+by  Impact parameter representation for GPD E

I'(z7) = [dy™ [27;97 |gF T (y )y 5 27] coll. “soft gluon pole” matrix element
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Non-trivial Relations

* Conjecture: factorization of final state interactions and spatial distortion

) = M) 157"w) = [ oo (o, br) Bl e B

T'(z,b%) :Lensing Function= net transverse momentum

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

> —2M2h1L’( >( ) /dszbT ( b )ab?' (5T+2HT>(:1; bz)

* Quantify distortion effect «— flavor anormal ous magnetic moment k*
—> Prediction of signs for u- and d-quark T-odd TMDs.
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Physical picture of the Relation

Intuitive picture of the Final State Interactions:

Final State interactions are assumed to be attractive

== Lensing
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Physical picture of the Relation

Intuitive picture of the Sivers asymmetry:
Spatial distortion in the transverse plane due to polarization!

PaCaVWaoWa W oWe W

Spin polarization

== Mechanism leads to non-zero Sivers asymmetry!
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Relationsin Spectator M odels

Explicit checks of relationsin adiquark spectator mode!.:
[Burkardt, Hwang, PRD69, 074032], [Meissner, Metz, Goeke, PRD76, 034002]

L owest order calculations:
(T-odd) TMDs:

% k

: + C.C.
(O —o o ——— o — )
. :

Non-trivial relations are exactly fulfilled!

_Medss fal = / by TS gr| |—2ps pO) = / Pl T (G D)
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Relationsin Spectator M odels
In the diquark-spectator mode!:

* Relations between arbitrary moments.

fir" (@) o B®(@), 0 <n <]

*GPD: E"(z) ~ [ @Ar (A2)"'E(z,0,- L)
* Relation between GPDs and T-even TMDs:

hff(”) () ~ ﬁjj(f") ()| ===> NoF3Sl /Lensing function needed!

valid aso in alight-cone constituent quark model (Pasquini et al.,arXiv:0806.2298)

* Relations for gluon-GPDs and gluon-TMDs.

* Relations are likely to be broken for higher order diagrams.
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Mother functions

Relations between functions:

(G)TMDS Generalized) Trans omentum Depend.
Wigner mpact parameter ‘
functions =
f deT f dsz A =0
\J
| P. GPDs |« P [ appg TMDs
m wﬁ 0 ‘W -
Form factors PDFs

Which GPDs and TMDs have the same mother functions?
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Classification of Generalized TM Ds

* Define“off-diagonal” k_-dependent matrix element:
[Meissner, Metz, M.S., Goeke, arXiv:0805.3165]

Wi(, & Fos An) = / (0, X85 (=2) WI=2, 2] 9(2) [y )

dz~d?z7 ik
(27)?

For spin-0: Classification 4 leading twist GTMDs

2zt=0

chiral-odd: Te[W o't ys) = — & (gTJ K HE 4+ €17, HlA)

* GTMDs are complex-valued functions (Time-reversal) X (77) = RIX] 4+ inS[X]

imits: Ly 772 k 772 -
om0 [ )= )00 ] [Nooar il

GPD |HT (x,&,t) = [d*kr [Agk %[Hk] @ gApprox. relation?
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Limiting cases. Spin 1/2

Example: Sivers function:
GTMDs:. [Meissner, Metz, M.S., Goeke, in preparation]

T + i Tk o' TAL t g kh N
TI'[W)\/,X}/W = L_i_ (p )\,) [P F + T}-l + i Tfl ‘|‘IX4 M2 %A] U(p,)\)

TMD-limit: A=0

| fizr (, k%) =(Q[Fi- N, 0: k2, 0,0)|

GPD-limit: [ d2ky , & =

=0
(E + H)(x,0, A2, /dsz.

No model-independent exact relation! Approximate relations?

- Relation -, «» Hyp not supported by GTMD-analysis!
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Summary

* Non-trivia relations between GPDs and (T-odd) TMDs were
suggested on the basis of a separation between:

distortion of parton distribution in the transverse plane
+ Final state interactions

e Relations seemsto work “numerically”
—> predicts signs of u- and d-quark Svers- and BM-function.

e Relations are exact in lowest-order spectator models.
Also relations between T-even TMDs and GPDs.

o GTMD-investigation: does not support model-independent,
exact relations. Does not rule out “ approximate” relations...
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