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Outline

Wigner Distributions
Parton distributions in the Phase Space

FT b, < A,

v

Generalized Transverse Momentum Dependent Parton Distributions (GTMDs)

GPDs TMDs

spin and orbital angular momentum structure of the nucleon

insights from quark model calculations
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Phase-space distribution

Quantum Mechanics [Wigner (1932)]

[Moyal (1949)]

Wigner distribution

P | Position-space density
A
I, (g))? = / dp P (p, q)
Momentum-space density

o(p)|* =2 / | dg Pw (p, q)

> q Quantum average
dz _. .
dA -
= / e e P ' (p+ 5)ep — 5)
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Phase-space distribution

Wigner distribution

Numerous applications in

e Nuclear physics

e Quantum chemistry

e Quantum molecular dynamics
e Quantum information

e Quantum optics

e Classical optics

e Signal analysis

e |[mage processing

e Heavy ion collisions

Heisenberg’s uncertainty relation

) Quasi-probabilistic interpretation

[Antonov et al. (1980-1989)]

> classical density

h — 0
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Generalized TMDs and Wigner Distributions

[MeiRner, Metz, Schlegel (2009)]

1
N, kE+=A
) + 2

1 1
A7 P o _A A,, P -+ —A
Quark polarization - 2
— ]2
[F] :1 dZ d <1 P/ A/ 1.q _z F < < q z P A ’I;(CUP_I_Z_—EJ_’EJ_)
WA’A 2/ (27_‘_)3 < y W,\/( 2) W( 2’2|n)w>\(2)| y >€

|

Nucleon 4 X 4 =16 polarizations <) 16 complex GTMDs (at twist-2)

polarization

W/I\",A('CE7 g, EJ_, &J_)
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Generalized TMDs and Wigner Distributions

[MeiRner, Metz, Schlegel (2009)]

1
N, kE+=A
) + 2

1 1
A, P—=-A ’ —
, 5 A,P—I—QA

Quark polarization

l

1 [dz"d?z; — z z Z 2 T
W[I,‘] _ _/ P A (J/ AT T2\ P. A W(xPTz  —ki-Z,)

Nucleon 4 X 4 =16 polarizations <) 16 complex GTMDs (at twist-2)

polarization

Wi sz, &k, AL

X: average fraction of quark ¢. fraction of longitudinal
longitudinal momentum momentum transfer

K.: average quark transverse momentum A, : nucleon transverse-momentum transfer
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Generalized TMDs and Wigner Distributions

[MeiRner, Metz, Schlegel (2009)]

1
N, kE+=A
) + 2

1 1
Aa P o _A A,, P+ —A
Quark polarization - 2
— ]2
[F] :1 dZ d <1 P/ A/ 1.q _z 1—1 < < q z P A ’I;(CUP—I_Z_—EJ_’EJ_)
WA’A 2/ (27_‘_)3 < y W,\/( 2) W( 272|n>¢)\(2)| y >6

|

Nucleon 4 X 4 =16 polarizations <) 16 complex GTMDs (at twist-2)

polarization
W/{’,A(ma 57 kJ_v AJ_)

Fourier transform A | < b

v

WX,,A(m, £k, Ii) 16 real Wigner distributions
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2D Fourier

transform Ay «by
‘ Z, EJ_, g_]_

[ Lorce, BP, Vanderhaeghen, JHEPOS (2011)]
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2D Fourier

- transform Ay «by

v, &k, Ay | Wigner distribution |
"V

Z, ka_,b_]_

[ Lorce, BP, Vanderhaeghen, JHEPOS (2011)]
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2D Fourier

transform Ay «by
2,6 ki, Ay - | Wigner distribution |
Z, El, g_]_

—

—— A=0
— [(IZAL

[ Lorce, BP, Vanderhaeghen, JHEPOS (2011)]
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2D Fourier

transform Ay «by
2,6 ki, Ay - | Wigner distribution |
Y l_’»:_l_, 5_1_

—

—— A =0

— [(IZAL

[ Lorce, BP, Vanderhaeghen, JHEPOS (2011)]
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2D Fourier

transform Ay «by
Y l_’»:_l_, 5_1_

—

—— A =0

— [(IZAL

[ Lorce, BP, Vanderhaeghen, JHEPOS (2011)]
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2D Fourier

transform Al < by
Y EL, g_[_

—

—— A =0
— [(IZAL

—— f dx [ Lorce, BP, Vanderhaeghen, JHEPO5 (2011)]
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2D Fourier

transform Al < by
Y EL, g_[_

—

—— A =0
— [(IZAL

—— f dx [ Lorce, BP, Vanderhaeghen, JHEPO5 (2011)]
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2D Fourier

transform Al < by
Y l_’»:_l_, 5_1_

—

—>— A =0
—— [(Hx_l_

— f dx [ Lorce, BP, Vanderhaeghen, JHEP05 (2011)]
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2D Fourier

transform Al < by
Y l_’»:_l_, 5_1_

—

—>— A =0
—— [(Hx_l_

— f dx [ Lorce, BP, Vanderhaeghen, JHEP05 (2011)]

Monday, May 20, 13



2D Fourier

transform Al < by

—

—>— A =0

— f dx [ Lorce, BP, Vanderhaeghen, JHEP05 (2011)]
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2D Fourier

transform Al < by

| TMSDs |
;L

—

—— A =0

o Charges |

— f dx [ Lorce, BP, Vanderhaeghen, JHEP05 (2011)]
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Wigner Distributions

Transverse
Transverse % Hei b : rtaint
L T Lt Longitudina eisenberg’s uncertainty
< momentum relations
Impact > l‘)’
parameter . s Longitudinal l
ﬁ_L : . Z""' P Transvere;e . o
/ momentum Quasi-probabilistic
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Wigner Distributions

Transverse

Transverse . y .
momentum T Heisenberg's uncertainty
momentum relations
Impact
parameter
Longitudinal l
- Transverse
. e L f . ags .
ementit Quasi-probabilistic

¢ real functions, but in general not-positive definite

= COrrelations of quark momentum and position in the transverse plane
as function of quark and nucleon polarizations

“ quantum-mechanical analogous of classical density in the phase space

*+ not directly measurable in experiments

mm) Nneeds phenomenological models with input from experiments on GPDs and TMDs
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Light-Front \Wave Function

4 Fock expansion of Nucleon state:

IN) = V3,(qqq) + V3447|139 97) + ¥344]9999)

fixed light-cone time (x*=0)

|
— A——: o
- }—P—l q —+ - Ly q + - .
. _|_>_q |
b ~ K.F*—a
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Light-Front \WWave Function

4 Fock expansion of Nucleon state:

IN) = V3,(qqq) + V3447|139 97) + ¥344]9999)

fixed light-cone time (x*=0)

| |
| |
[\ | > q /\\_,_,_ﬁy g [\\ 1 Z
. _|_>_q |
b lﬂ’ q \ { : J m g
4+ Eigenstates of momentum Pt = 27];\;1 kit D) = > g i1 =0,
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Light-Front \WWave Function

4 Fock expansion of Nucleon state:

IN) = V3,(qqq) + V3447|139 97) + ¥344]9999)

fixed light-cone time (x*=0)

| |
[\ l > q /\\_|_,_ﬁy g \ 1 Z
= )—:»—q + P ——0q + »= :ar q +
b |H’ q \ (_L’_: g m g
4+ Eigenstates of momentum pr="kF P =% k,=0,
+ Eigenstates of parton light-front helicity S U o= NTY

+ Eigenstates of total orbital angular momentum L. \Ifﬁ\l...,\N =1, \Ifﬁl,\z...,\N A At = 0 gauge
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Light-Front \WWave Function

4 Fock expansion of Nucleon state:

IN) = V3,(qqq) + V3447|139 97) + ¥344]9999)

fixed light-cone time (x*=0)

| |
[\ l > q /\\_|_,_ﬁy g [\\ 1 Z
- )—:»—q + Ly— ¢ + > :ar q + ...

b |H’ q | [_L’_: g m g
4+ Eigenstates of momentum pr="kF P =% k,=0,
+ Eigenstates of parton light-front helicity S U o= NTY
+ Eigenstates of total orbital angular momentum L, UL e =0T% 0o A A+ — 0 gauge
4+ Probability to find N partons in the nucleon pn g = [ldz]N[@PEL]N[TR a1

normalization >y g pﬁw =1
total helicity total OAM nucleon helicity

A a N
5z =(Sz) = ZN,B qu,\;1 Ai :0%7,5 [, = (L) = ZN,B D im La P%,ﬁ A=s, + 1,
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LFWF Overlap representation

3q LFWF: W9 (g, k) ;)
invariant under boost, independent of P

3 3
internal variables: sz — 1, Z bii=01
1=1 =l

[Brodsky, Pauli, Pinsky, 98]
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LFWF Overlap representation

. . N;q192q3 (. 7.
| BB B 3q LFWF: W% (x;, k) ;)
P e ;* 7 iInvariant under boost, independent of PH
> > ) 3 ;
> q internal variables: le — 1, Z ks = O
| =1 il
' [Brodsky, Pauli, Pinsky, 98]
A*=0 = Wilson line equal to unit
A*=0 = diagonal in the Fock-space
. _ (6_1/))\,/\ _ _’J_
x, k| — TL r, k1 + 2
- /‘\\A
quark-quark correlator E—) X e
A+ O —» \Ij —— @ \IJ » &
— n : Lo 5 ’ I AJ_
( ) Pt -5+ B Pt +5+
I I
| I

."v f '.\//v-'

General formalism valid for

Bag Model, LFxQSM, LFCQM, Quark-Diquark, Covariant Parton Models

Common assumptions :

» No gluons
» Independent quarks
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Transverse

% Twist-2 ~LO in Pt

Quark Wigner Distributions

Longitudinal at fixed k& 0

Uit = ’Y+7 ’Y+’Y5, iUJ+’Y5

quark polarization ——— | L T

% Nucleon polarization: U L T

p(ky,br) = [dzp(z,ki,by)

two-dimensional distributions
In Impact-parameter space

m—)

16 independent
Wigner distributions
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Unpol. up Quark in Unpol. Proton

[Lorce’, BP, PRD84 (2011)]

Transverse

P2D (IZJ-a gJ-)

k1
g+

Longitudinal

Generalized Transverse Charge Density

/ fixed angle between k. and 51 and fixed value of \El\

by | fim]
by | fim]
by | fin]

by | fim]
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Unpol. up Quark in Unpol. Proton

[Lorce’, BP, PRD84 (2011)]

Transverse

P2D (IZJ-a gJ-)

k1
g+

Longitudinal

Generalized Transverse Charge Density

/ fixed angle between k. and 51 and fixed value of \El\

by | fim]
by | fim]
by | fin]

by | fim]
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Unpol. up Quark in Unpol. Proton

[Lorce’, BP, PRD84 (2011)]

Transverse

P2D (IZJ-a gJ-)

k1
g+

Longitudinal

Generalized Transverse Charge Density

/ fixed angle between k. and 51 and fixed value of \El\

by | fim]
by | fim]
by | fin]

by | fim]
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Unpol. up Quark in Unpol. Proton

[Lorce’, BP, PRD84 (2011)]

Transverse

P2D (IZJ-a gJ-)

k1
g+

Longitudinal

Generalized Transverse Charge Density

/ fixed angle between k. and 51 and fixed value of \El\

by | fim]
by | fim]
by | fin]

by | fim]
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Unpol. up Quark in Unpol. Proton

[Lorce’, BP, PRD84 (2011)]

Transverse

P2D (IZJ-a gJ-)

k1
g+

Longitudinal

Generalized Transverse Charge Density

/ fixed angle between k. and 51 and fixed value of \El\

by | fim]
by | fim]
by | fin]

by | fim]
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fixed k1]

Unpol. up Quark in Unpol. Proton

up quark
ouo [1/(GeVZ - fin?)]

| T k,=0.3 GeV

unfavored

a~
L .

down quark
ot [1/(GeV?- fm?)]

| T k,=0.3 GeV

1.3

1.17
1.04
0.91
0.78
0.65

Distortion due to correlations between k& 1 and b 1

b absent in - and - |

Left-right symmetry o) no net quark OAM

[Lorce’, Pasquini (2011)]
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fixed k1]

Unpol. up Quark in Unpol. Proton

up quark

ouo [1/(GeVZ - fin?)]

| T k,=0.3 GeV

unfavored

a~
L .

4+ integrating over b , =) fransverse-momentum density

fi(k7) = [dafl(x, k9)

4+ integrating over Rl =) charge density in the transverse plane b.

[Miller (2007); Burkardt (2007)]

p?(b1) = e /dzALe"ib

down quark

ot [1/(GeV?- fm?)]

| T k,=0.3 GeV

1.3
1.17
1.04
0.91
0.78
0.65
o.52

Monopole

Distributions
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Long. pol. quark in Unp. proton

fixed k|
0.5
0.4
0.3
0.2
0.1
B o. ;
B -1 B -1
o -0.2 B -0
B -3 B -3
B -« B -«
B -5 B -5
— . O R —. — . O —.
-1.0 =0.5 0.0 0.5 1.0 -1.0 =0.5 0.0 0.5 1.0
by [ fm] by [ fm]

4+ projection to GPD and TMD is vanishing

=) (|Nique information on OAM from Wigner distributions

[Lorce’, Pasquini (2011)]
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Long. pol. quark in Unp. proton

fixed & |

20 [1/(GeV? - fin?)]

0.5

0.4

0.3
0.2
B 0.1
B o.
-0.1
-0.2
-0.3
-0.4
-0.5

~F0 —05 00
by [ fm]

correlation between quark spin and quark OAM

0.5

Ct = [dwdkydby (b1 x k1) plhy(a,Fu,bo)

u-quark

d-quark

C? | 023

0.19

oL [1/(GeV?- fin?)]

0.5
0.4
0.3
0.2

101

1.0 -05 00 05 10
by [ fm]

» Quark spin

—_— u-quark OAM
—> d-quark OAM

[Lorce’, Pasquini (2011)]
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Unpol. quark in long. pol. proton

fixed & |
o L1/(GeV?- fm?) piy 11/(GeV”-fm)]

' 0.3 . 0.015
0.24 0.012
0.18 0.009
0.12 0.006

] 0.06 7] 0.003

B o Bl o.
B -0.06 B —0.003
B -0 W -0.006
B -o01s8 B -0.009
B -024 B -0.012
B -3 B -00i5

"~10 —05 00 05 10
by [ fm]

» Proton spin

— u-quark OAM

<« d-quark OAM

4+ projection to GPD and TMD is vanishing

=) | Nique information on OAM from Wigner distributions

[Lorce’, Pasquini (2011)]
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fixed & |

Unpol. quark in long. pol. proton

ALy [1/(GeV2 fm?)]

05 00 05 1.0
by [ fm]

.

0.3
0.24
0.18
0.12
0.06
0.
—0.06
-0.12
-0.18
-0.24
-0.3

PLu [1/(GeV2 fm?)]

—1.0 —05 0.0 05 10
by [ fm]

» Proton spin
E— u-quark OAM

<« d-quark OAM

[Lorce’, Pasquini (2011)]
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Quark Orbital Angular Momentum

— — — — — — LOI'CG,, BP (11)
ﬁg — fdiEko’J_deJ_(bJ_ X kJ_)p%U(bJ_,kJ_,.T) Hatta (12)
l' Ji, Xiong, Yuan (12)
Wigner distribution

for Unpolarized quark in a Longitudinally pol. nucleon
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Quark Orbital Angular Momentum

— — — — — — LOI’CG,, BP (11)
ﬁg — fdiEko’J_deJ_(bJ_ X kJ_)p%U(bJ_,kJ_,.T) Hatta (12)
Ji, Xiong, Yuan (12)

—_— —

— fdQIili x (k1) - (k1) = /dﬂdeJ_ ELP%U(EL,EL,ZC)
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Quark Orbital Angular Momentum

= - = — - = L ", BP (11
,Cg — f dCEdeJ_d2bJ_(bJ_ X kJ_),O%U(bJ_, kJ_, 517) H(;rt(t:ae(12) o
Ji, Xiong, Yuan (12)
— fdQI;LI;L X <_)i> > <Ei> = /dﬂfdl_ﬁ EL,O%U(I;L,EL@
(k1) [GeV/ fm? (K1) [Gev/ fm?

-06 -04 -02 00 02 04 06 -06 -04 =02 00 02 04 06
bx/fm b./fm

» Proton spin

—> u-quark OAM

Results in a light-front constituent quark model: < d-quark OAM
Lorce’, BP, Xiong, Yuan, PRD85 (2012)
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Quark Orbital Angular Momentum

— — — — — — L ,, BP 11
Lg — f dCEdeJ_d2bJ_(bJ_ X kJ_)IO%U(bJ_, kJ_, LI?) H(;rt(t:ae(12) i
Ji, Xiong, Yuan (12)
— fdQI;lI;L X <_)i> > <Ei> = /dwdl_ﬁ ELP%U(Z;L,EL,%)
(k1) [GeV/ fm? (K1) [Gev/ fm?

06 -04 -02 00 02 04 06 06 -04 -02 00 02 04 06
b,/fm b./fm

» Proton spin

—> u-quark OAM

Results in a light-front constituent quark model: < d-quark OAM
Lorce’, BP, Xiong, Yuan, PRD85 (2012)
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_ 27. 121 (L 7 N A [C.L., Pasquini (2011)]
L] = fd:’:d k1d®by (br x ki )W (by,kL,x) [C.L., Pasquini, Xiong, Yuan(2011)]

Light-cone gauge A™ = 0
not gauge invariant, but with simple partonic interpretation

Gauge-invariant extension

P W — WW
W A Kinetic

[Ji, Xiong, Yuan (2012)]
[Burkardt (2012)]

[Hatta (2012)]

relations between the two gauge-invariant definitions
—> talk Burkardt
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Nucleon polarization

Quark polarization

U / & L
U|H| &r
T|E|Hp, Hy | E
L Er |H

(16 functions)

Quark polarization

ﬁC,k'_[_

- (8 functions)

S U ik L
[§

f_g U fl ]Zf‘

(@

- ik ik ,

8 /4 f’l i & hlv h i | 91T
= £

=z | L hit gir

4+ almost all distributions (in red) vanish if there is no quark orbital angular momentum

4+ quark GPDs (at ¢=0) and TMDs given by the same overlap of LCWFs but in different kinematics

= each distribution contains unique information

= no model-independent relations between GPDs and TMDs
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Transverse

kt = Pt
b1
O — Longitudinal

guasi-probabilistic
interpretation

probabilistic interpretation

p(kal)
S~

\\
—
e

k1 S

Transverse

ol

=

\
\-—v kT =Pt

Longitudinal
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Longitudinal Transverse

k|| by

EJ_ gJ_
B q q

PP

gJ.? ]ZJ_ EJ_ EJ_

~ i
01— Fi, T ET
EJ_a EJ_ EJ_ EJ_
C! + G}, o o hi? < E3F

[Burkardt (2005)]
[C.L., Pasquini (2011)] [Barone et al. (2008)]
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Quark OAM: Partial-Wave Decomposition

SUz'PJ;, ;P + k) ;

. ijk
> . | PA) = / A[1)d[2)d[3] T . (20 KoL) 8\/6 uly ()l (2)dl,. (3)] 0)
LCWEF: eigenstate of OAM
(gauge A*=0—>Jaffe-Manohar)
J? —>  (11Nec =2 (11 e = & (1o =1 (Ll )o= 3
2 2 2 2
Li=z—-J! —> L= -1 L1 =0 L1=1 L =2

L=(p 1 |P,1) L= probability to find the proton in a state with eigenvalue of OAM [,

!

L, = sz L, LZ<P7T ‘P7T>Lz

|

squared of LCWFs
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4+ Orbital angular momentum content of TMDs (light-front constituent quark model)

fi (AL, =0)

down

0.4

: S-Dint.
- - TOT

hiY (AL, = 2)

0 025 05 075 X

0.2

hiY (AL, = 2)

02

0 025 05 075 X

“pretzelosity”

= e ) h

—> Efremov’s lecture on TMDs
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4+ Orbital angular momentum content of TMDs (light-front constituent quark model)

Oave’

0 05 075 x

4+ Effects on SIDIS observables

-0.002
-0.004
-0.006
-0.008

-0.01
-0.012
-0.014

fi (AL, =0)

0’

down

UT

T

TO0T

roton

0.2

0.4 0.6

Boffi, Efremov, BP, Schweitzer, PRD79(2009)

IN¢!
hir

IN¢!
hir

(ALz — 2)

0.2

: \/ S-D int. 0-
04

- - TOT

L 0.2 -

0 025 05 075 X 0

ASin(3¢—¢S) . hf_T ® Hy

f1® D

0.014
0.012

0.01
0.008
0.006
0.004
0.002

(Q?) = 2.5 GeV?

\

down

S-D int.

— 7T —proton

S-D int.

P-P int X

01 02 03 04 05 0.6 ¢
—> Efremov’s lecture on TMDs

025 05 075 X
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Quark OAM from Pretzelosity
hyr = ){ : - ,: “pretzelosity”

model-dependent relation

L. =— [dod?ky Sts his (2, k2)

first derived in LC-diquark model and bag model
[She, Zhu, Ma, 2009; Avakian, Efremov, Schweitzer, Yuan, 2010]
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Quark OAM from Pretzelosity

hip = ‘ )’ : ] ,: “pretzelosity”

model-dependent relation

L. =— [ded®k, 2iy hi (2, k2)

first derived in LC-diquark model and bag model

[She, Zhu, Ma, 2009; Avakian, Efremov, Schweitzer, Yuan, 2010]

& iz
chiral even and charge even chiral odd and charge odd
L= 1] ALz =2

no operator identity
relation at level of matrix elements of
operators
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Quark OAM from Pretzelosity

hip = ‘ )’ : ] ,: “pretzelosity”

model-dependent relation

L. =— [ded®k, 2iy hi (2, k2)

first derived in LC-diquark model and bag model
[She, Zhu, Ma, 2009; Avakian, Efremov, Schweitzer, Yuan, 2010]

& iz
chiral even and charge even chiral odd and charge odd
L= 1] ALz =2

no operator identity
relation at level of matrix elements of
operators

4

valid in all quark models with spherical symmetry in the rest frame

[Lorce’, BP, PLB (2012)] —> Efremov’s lecture on TMDs
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Quark spin and OAM

GTMDs

Quark spin (from DIS)

]. — -
Sg = 5/(1.’17(121@_ G‘h(w,o, k‘_L,OJ_)

polarized PDF
inclusive DIS

(4 = _ / de d?ky 3ds Fiy(2,0,F1,0))

[Lorce, BP(2011)]
[Hatta (2011)]
[Lorce’,BP, et al. (2012)]

TMDs

Quark spin

1 -
S = > /d:cdzkl gir(z, k1)

polarized PDF
inclusive DIS

— EQ L =0
LI(x, k1) = VL 17(1(5’7>kl)

[Burkardt (2007)]

[Efremov et al. (2008,2010)]
[She, Zhu, Ma (2009)
[Avakian et al. (2010)
[Lorce’, BP (2011)]

 Model-dependent
* Not intrinsic!

A

Eesi=rsi % KEL
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Quark spin and OAM

GTMDs

Quark spin (from DIS)

1 i
S9 = 5/(1:1:(121@ G5 4(2,0,k1,0,)

polarized PDF
inclusive DIS

—

,1‘)

(1 = _/(13;@121{,l j%F{Q(a:,O,@ﬁi)

[Lorce, BP(2011)]
[Hatta (2011)]
[Lorce’,BP, et al. (2012)]

int _ g 7

TMDs
Quark spin
57— 1 [ qzd?, ¢f (z. %
, = 5 axr _]_glL(-Ea -L)
polarized PDF
inclusive DIS
- k2 lgq "
Li(x, k1) = =55 hip(z, k1)

[Burkardt (2007)]

[Efremov et al. (2008,2010)]
[She, Zhu, Ma (2009)]
[Avakian et al. (2010)
[Lorce’, BP (2011)]

 Model-dependent
* Not intrinsic!

A

Liz =751 X kil

GPDs

Quark spin (from DIS)

1 ’
ST = §/d:1;H"(:1:,0,0)

polarized PDF
inclusive DIS

Ji sum rule

J1 =2 [dxxz[HYz,0,0) + E9(x,0,0)]

L1 =J1—- 51
[Ji (1997)]
Twist-3
C L4257 = — /(1:‘1;.’1:E§T(:I;, 0,0)
Lli=— [ dz2G5(z,0,0)
“ Pure twist-3!

[Penttinen et al. (2000)]
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contributions to nucleon spin

[LHPC Coll.,2010]

Lattice Results

— 0.4
i =
; . = 03+
0.3} - . o ' ‘ 2
: 0l 1Azu+d g 0.2
. > o
02 % 5
B -
: \ o
o1l HERMES (2007) _- :
| : Z
0.0 i : { =
! 7 —
} $ Lu:d { ) 8
0.1 .............................
0.0 0.1 0.2 0.3 0.4 0.5 0.6 -0.4
m-[GeV?]

* “disconnected diagrams” not included

* Error bands: chiral extrapolation in my and extrapolation to t=0

Jurd=0.264(6)

Jurd=() 168(42)

Lattice results (uw = 2 GeV)

A u*d /2= 0.208(10)

A Tutd 2= 0.225(8)

[QCDSF Coll.,2013]

; i 3 s T 3 i ¥ -
; }# %AZlﬁ-d
\HERMES (2007) Jutd
$ $-
¥ } ----.T::ﬁ-----
005 01 015 02 025
m,2r (GeV?')

L urd =0.056(11)

Lutd =-0.141(27)

l

[LHPC Coll.,2010]

[QCDSF Coll.,2013]

cancelation between LY <0 and L9 >0
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Constraining quark OAM with Sivers function

unpolarized quark in unpolarized nucleon

Burkardt, PRD66 (02)
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Constraining quark OAM with Sivers function

unpolarized quark in transversely pol. nucleon

Distortion in impact parameter
(related to GPD E)

Burkardt, PRD66 (02)
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Constraining quark OAM with Sivers function

unpolarized quark in transversely pol. nucleon

Final-state interaction

Distortion in transverse momentum
(related to Sivers function)

Burkardt, PRD66 (02)
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Constraining quark OAM with Sivers function

unpolarized quark in transversely pol. nucleon

Final-state interaction

Distortion in transverse momentum
(related to Sivers function)

Burkardt, PRD66 (02)

ik17 ok Jk17 Qk /
— . € k‘ S — — ~ — € b S =
—/koT T FH9(x, k2) ~/d271q’z(x,bT) = <5q{x,b%))

Sivers function Lensing function F.T. of E(x,0,t)
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Constraining quark OAM with Sivers function

unpolarized quark in transversely pol. nucleon

Final-state interaction

Distortion in transverse momentum
(related to Sivers function)

Burkardt, PRD66 (02)

L jkkj gk . . . . jkbj gk . /
_/koTkr_Zzﬂ ET T Tf#](ﬂj,kr_z%) 2/deCZ_,_’Z'C],Z(:C’bT) €T T~T (g(I(m’b%))

v / Y
Sivers function Lensing function F.T. of E(x,0,t)
l inspired from model results
L(0)a, .. _ a .
Bacchetta, Radici, PRL107(2011) 7 (2;Q7) = —L(x) E%(x, 07@)
fitted to SIDIS data flavor independent first moment constrained
(COMPASS,HERMES,JLab) K from anomalous magnetic moment

(L—x)"
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® Results from Sivers < = lensing = > GPD
J* =0.229 4+ 0.002700%5,  J¥=0.015 £ 0.0035 000,

Bacchetta, Radici, PRL107(2011) d 10.020 7 10.001 (Q% =4 GeV?)
s +0.002 5 _ +0.000
J* = 0.00610-002 J5 = 0.00610-000
@ Comparing with GPD models and Lattice calculations "~ | Goloskokov and Kroll, EPJC59, (09) 509
0.4 . Diehl at al, EP|C39 (05)|
HERMES JHEP 0806 (08) |
03 & (model based) B Guidal etal PRD72 (05) 054013
A 5 . Liuti et al., PRD84 (1 1) 034007
02 =~ Z
v 5 _—
A Bacchetta and Radici, PRL 107 (11) 211801
S < .3 |
e 0.1 = &
S, s & . LHPC-1, PRD 77 (08) 094502
L
~
0.0 =2 L . Bl L-pc2, PRD 82 (10) 094502
-
01 - | QCDSF PoS LAT2007 (2007) 158
05 0’= 4 GeV? | Wakamatsu, EPJ A44, (10)297
00 0.1 02 03 04 05 06 07 Bl Thomas. PRL 101 (08) 102003
u+u
J . Thomas, INT 2012 workshop
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Summary

“* GTMDs Wigner Distributions

- the most complete information on partonic structure of the nucleon
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Summary

“* GTMDs Wigner Distributions

- the most complete information on partonic structure of the nucleon

* Results for Wigner distributions in the transverse plane

- non-trivial correlations between b, and k;, due to orbital angular momentum

“* Orbital Angular Momentum from phase-space average with Wigner distributions

** GPDs and TMDs probe the same overlap of 3-quark LCWF in different kinematics

- no model-independent relations between GPDs and TMDs

- give complementary information useful to reconstruct the nucleon wf

“ No direct connection between TMDs and OAM == need to use model-inspired connections

- use LCWF (eigenstate of quark OAM) to quantify amount of OAM in different observables

- model relation between pretzelosity and OAM
- OAM from model relation between Sivers function and GPD E
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