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The Spin Degree of Freedom

In our exploration of the QCD micro-world

Fundamental: do not neglect spin !!

Two questions in Hadronic Physics
await explanation since too long

Proton Spin Budget Single Spin Asymmetries
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Quantum phase-space distributions of quarks

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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TMD PDFs: f,4(x,ky), ..

Semi-inclusive measurements
Momentum transfer to quark

Direct info about momentum distribution (04

%
May explain SSA & Lam-Tung \
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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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Semi-inclusive measurements
Momentum transfer to quark

Direct info about momentum distribution

May explain SSA & Lam-Tung
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Exclusive Measurements
Momentum transfer to target

Direct info about spatial distribution
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nucleon polarisation

Leading Twist TMDs

quark polarisation
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Number density and helicity:
Focusing here in transverse momentum dependence

Transversity:
Survives transverse momentum integration
(missing leading-twist collinear piece)

Differs from helicity due to relativistic effects and
no mix with gluons in the spin-1/2 nucleon

Flavor Structure of the Nucleon Sea, 15t July 2013, ECT*



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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o Helicity Worm-gear
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Off-diagonal elements:

Interference between wave functions with different
angular momenta: contains information about parton
orbital angular motion and spin-orbit effects

Testing QCD at the amplitude level

T-odd elements:

-»> sign change between DY and SIDIS
* universality of TMDs

Strict prediction from TMDs + QCD !

Contalbrigo M. Flavor Structure of the Nucleon Sea, 15t July 2013, ECT*



Leading Twist TMDs

quark polarisation . L
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nucleon polarisation

The SIDIS case

quark polarisation
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nucleon polarisation

S

quark polarisation
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HERMES:
Polarized 27 GeV e+/e- ;

Polarized pure gaseous H&D targets f\e@ S
Excellent Particle ID

HALL-A, B, C:
: Polarized 6 GeV e-
.geffe20n Lab Polarized 3He, NH, & HDice targets
High- Luminosity

COMPASS:

Polarized 160 GeV u
Polarized 6LiD & NHj targets
High-Energy
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NUMBER DENSITY

nucleon polarisation
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Parton Number Density

HERA F, LHC gauge boson production
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Parton Number Density

HERA I+l inclusive, jets, charm PDF Fit
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Parton Number Density

HERA I+l inclusive, jets, charm PDF Fit .
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Parton Number Density

HERA I+l inclusive, jets, charm PDF Fit .
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Fragmentation Functions @ B-factories
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Proton-deuteron asymmetry:
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Reflects different flavor content
Correlated systematics cancels

LO interpretation:
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SIDIS data constrain fragmentation at low c.m.
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Disentanglement of z and Py, ,: access to the transverse
intrinsic quark k; and fragmentation p
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Parton Helicity from Inclusi
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Parton Helicity from Inclusive DIS
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Parton Helicity from Inclusive DIS
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Parton Helicity from SIDIS
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The SIDIS Flavor Probes
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Parton Helicity from SIDIS

[arXiv:1007.4061]
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Parton Helicity from SIDIS
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COMPASS [arXiv:1007.4061]
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Sea Parton Helicity from RHIC

DSSV [arXiv:0804.0422]
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Sea Parton Helicity from RHIC

DSSV++ [arXiv:1304.0079]
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Gluon Parton Helicity from RHIC
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Parton Helicity from SIDIS
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Parton Helicity from SIDIS
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Strange Helicity from SIDIS

SIDIS tends to
become negative

Consistency among
SIDIS results

No real constraint
from DIS

DSSV [arXiv:1108.3955]
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Parton Helicity from SIDIS
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From Lattice
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From Lattice
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Parton Helicity Landscape
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First evidences
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Fragmentation @ e+e- Colliders
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The Collins SIDIS amplitude

CLEAR NON ZERO SIGNALS !

Consistent results at different Q2
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The Collins Amplitude
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Transversity Signals

%gg p—rhx

BELLE

v e'e” = hhX
Sln ¢+¢s ‘HM(Z)

' ld — I'hX
FF evol.. from high energy colliders

t - ity!
ﬂ s ?;tractlon of Transversmm / Collinear extraction !

Existing data limited to x < 0.3

< |
= 02F Q%241Gev? .
% o1tk ] ) Torino's fit
Oi __________ o xh"v(x,r-zhﬁjn / \ X A o4 x R (x) |
0.1 i. & 0.4 Preliminary } :: Prelim
E—H-H-Hﬂl bt 0.3} : / {
N T ] 02 o
?T:’— 0.1 :': l i’*l 00 l{ i%l 1
0! ««? : | |
X 015- Z ] . !*‘{} { -0.2 I t 1
o 2013 —— '°"L ; ' .
-0-2 i- 2008 _____ = 10 10 10 X 10 107 107" X 1
-0.3! ! !
0.001 0.01 0.1 1

X
\@o ++ arXiv: 1303.382 K __Bacchetta ++ arXiv: 1206.1836

Contalbrigo M. Flavor Structure of the Nucleon Sea, 15t July 2013, ECT*




Transversity vs Helicity

Distributions: Charges:
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rers Distributions
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The Sivers Challenge
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The Sivers Challenge
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CAHN & BOER-MULDERS
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The Azimuthal Modulation
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Unpolarized Cross-section
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Unpolarized Cross-section
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The SIDIS cos2¢ p; dependence
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The SIDIS cos2(¢ dependence
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The SIDIS Landscape 2014+
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The Drell-Yan Landscape 2014+
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