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W, 9(x,k;,r) “Mother” Wigner distributions

Probability to find a quark g in a nucleon P with a certain polarization in a position r & momentum k
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Generalized parton distributions

Encompass parton distributions and form factors

longitudinal momentum and transverse spatial position
correlated information

Access OAM Lq= Jq-%AZ via Ji sum ruIe

J, =lim Idxx[H x,&, t)+E (x,&, t)]

t—0

@ Sensitivity of different final states to
different GPDs

@ For spin-1/2 target 4 chiral-even
leading-twist quark GPDs: H ,E H E

@ H ,H conserve nucleon helicity,
E , E involve nucleon helicity flip

@ DVCS(y)> H.E.H.E

@ Vector mesons (p, o, ¢) > H E

@ Pseudoscalar mesons (7,77) > ]—~] , LN?
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The DVCS Landscape
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The DVCS Landscape
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The Pure DVCS Sample
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Leading Twist TMDs

quark polarisation . L
Number density and helicity:

N/q U L T Focusing here in transverse momentum dependence
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S

quark polarisation

SIDIS cross section
(transversely pol. target): ‘y(
Z

TMD factorization for P, <<Q

feD={[ e,d’pyd’ky . wlky, pp) f* (2. k7D (2, p7)

Involved phenomenology due to the

convolution over transverse momentum
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First TMD Evidences

o) o o HLJ SIDIS: [gsi““”‘%) « fireD ]

2005: First evidence from HERMES measuring SIDIS on proton
A. Airapetian et al, Phys. Rev. Lett. 94 (2005) 012002
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vist TMDs

Quark polarisation

U L T
ndication to be not-zero !
N Preliminary result
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HERMES has access to all of them through specific
azimuthal modulations (¢, ¢s) of the cross-section
thanks to the polarized beam and target

Hint of non-zero signal
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RL 103 (2009) 15200
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NUMBER DENSITY

nucleon polarisation
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Proton-deuteron asymmetry:
N0 D] 45 F QD) Q") g Mi-M,
M+ M

quj [ dx £,,(x,0%)
Reflects different flavor content
Correlated systematics cancels

LO interpretation:

h _ 1
MN - NﬁIS(Q2) dZ

SIDIS data constrain fragmentation at low c.m.
energy and bring enhanced flavor sensitivity
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Disentanglement of z and Py, ,: access to the transverse
intrinsic quark k; and fragmentation p
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The Evolution
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HELICITY
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Refined studies extending the standard approach
published in Phys. Rev. Lett. 92 (2004) 012005

Sensitive to differences
in transverse momentum
dependence of g, and f,

A(x,P) 2D - dependence
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TRANSVERSITY
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(THE COLLINEAR MISSING PIECE)



The Collins Amplitude

Pion signals fulfill isospin symmetry Clear & opposite signals for charged pions:

With u-dominance: 7t(ud) 7 (ud)

PLB 693 (2010) 11 o _
opposite sign for favored and unfavored Collins

Not in contradiction with Collins at BELLE
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K" signal larger than ™
role of sea quarks
k; dependence in FFs
higher twists effects

Peculiar K
no valence quark in common with proton

QCD Evolution, 14" May 2012, JLab
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CAHN & BOER-MULDERS

nucleon polarisation
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(THE NEGLECTED EFFECTS)



The Azimuthal Modulation
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Unpolarized Cross-section
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Increasing with
z and P,

Large difference
in hadron charge !

Larger in magnitude
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Striking difference
versus pions !
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Significant difference in hadron
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SIVERS
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The Sivers Amplitude

Pion electro-production on proton:
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COMPASS 2010 proton data
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The Sivers Challenges
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% Ay is vanishing at low p;

% Q?increases with p;
approaching DIS regime

« Study transition from
perturbative to
non-perturbative regime

Non-zero signals for positive
hadrons resembling Sivers
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PRETZELOSITY

Sensitive to the D-wave
component and the non

spherical shape of the
nucleon
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WORM GEAR
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*» HERMES has been a precursor experiment for TMDs and GPDs

% Many innovative results in both fields

% Data analysis still ongoing

% Several preliminary results close to be published
% New results on queque

- beam spin asymmetry in the semi-inclusive kaon sector

- semi-inclusive di-hadron analysis A ._/

- exclusive reactions P_V

Contalbrigo M.



Hard Exclu

sive 0" Meson Production

Meson SDMEs
PJC 62 (2009) 659-694

EPJC 71

Photon SDMEs
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Enhanced sensitivity for polarized SDMEs

Helicity amplitudes are the fundamental
quantities to be compared with theory
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Hard Exclusive p” Meson Production

Im(n:+en:)

Im (ng, - ng, )

-

Imn,
i'n(n:-o-n:.-l-zsn:)
-

Ims

Im(a:-a:.)

00

Imng,
Im(n:-n:+22n:)

-

Imng,
Im(s:-ra;.)
-

Im g,

Im (ng, -nj. )
“ -“
Imin,, +eng)

Ead

lmn..
lm(a:;-a:)
- -

Im(e“-l-esm)

-

Ims_

Yo¥PL
Y PY

dominant transitions

i s

" single spin flip

double spin flip

-0.2

-0.1 0 0.1

SDME values

0.1

0.1

A?;}((ﬁ, bs) = —00

Imn

00
00

0
00

[PLB679(2009)

T , 0
ep »ep p

Ji=o

J'=0

J'=0.2

J'=04

[ <Q%->=2.0GeV?

<x>=0,09

<t>=013GeV? L

QCD Evolution, 14" May 2012, JLab



