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The proton structure

2

GPDs (x, bT) TMDs (x, kT)
x

zy

kT

S

xp

xz

y

xp

bT



F. Giordano,  A. Bacchetta, M. Contalbrigo, M. Stolarski

The proton structure
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The proton structure
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Spin puzzle
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               Global analyses needed!
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DIS 2013: spin session
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Isabella Garzia DIS-2013

Test of Hadronization Models

 Default parameters used: (based on

previous data: higher energies plus

ARGUS data)

 Large discrepancies in general

- all the models qualitatively

describe the bulk of the spectra

- no model describes  any

spectrum in detail

 Peak positions consistent with data

(except for the HERWIG K±)

 Similar discrepancies observed at

higher energies

- often of the same sign

- the models do a reasonable job

of describing the scaling

properties?
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Preliminary

0.5% precision data!

21

Comparison to world data

High-precision unpolarized data
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23 April, DIS 2013 Hadron multiplicities at HERMES, Gevorg Karyan 22

 Reasonable agreement 
between DSS FFs and Data 
for positively charged 
pions and kaons. 

 Substantial differences 
between all FFs and Data 
for negatively charged 
kaons.

LO calculations

 Mh( x
B
, Q2, z, P

h⊥ 
)

hermes

Charged+pion+mul)plici)es+vs+(x,y,z)+

DIS$2013,$Marseille,$April$22326$$N.$Makke$

0

2

0

2

M
(z

)

0

1

0

2

0.5 1

0

2

0.5 1

0

2

0

0.5

0.5 1

0

1

0.5 1

0

2

0.5 1

0

2

0.5 1

0

2

0.5 1

0

0.5

0.5 1

0

1

0.5 1

0

2

0.5 1

0

2

0.5 1

0

2

0.5 1

0

0.5

0.5 1

0

1

0.5 1

0

2

0.5 1

0

2

0.5 1

0

2

0.5 1

0

0.5

0.5 1

0

1

0.5 1

0

2

0.5 1

0

2

0.5 1

0

2

0.5 1

0

1

0.5 1

0

2

0.5 1

0

2

0.5 1

0

2

+
π

−
π

0.5 1

0

2

0.5 1

0

2

z

0.5 1

0.5 1

0

2

0.5 1

0

2

0.5 1

x

y

COMPASS Preliminary

0.004 0.01 0.02 0.03 0.04 0.06 0.10 0.15 0.70

0.10

0.15

0.20

0.30

0.50

0.70

New+

SIDIS: essential for flavor separation
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High-precision unpolarized data
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Including all corrections: JAM

Higher twist contributions are manifestly important for current DIS data

Considerable improvement of       for JLab and some SLAC data sets

(globally                         ,       )

Relevant for both

        and 

Progress in helicity extractions

Important corrections at 
high x

2

The JAM collaboration
www.jlab.org/jam

Parallel effort to our unpolarized PDFs: CJ and JR
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Strange helicity puzzle

Including SIDIS

inclusive DIS only

Better knowledge of 
Fragmentation Functions 

is needed for SIDIS

13
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Sea helicity
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Measured asymmetries (Run 9) are in 

agreement with theory evaluations using 

polarized pdf’s (DSSV) constrained by 

polarized DIS data   

⇒ Universality of helicity distr. functions!
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XXI International Workshop on DIS and Related Subjects - DIS2013  
Marseille, France, April 22-26, 2013

Bernd Surrow
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STAR W AL results / projections

Critical: Measurement of W+ and W- asymmetries 

as a function ηe

Major step forward in Run 12: Large AL (W-) 

asymmetry above DSSV suggests large anti-u 

quark polarization

Extension of backward / forward ηe acceptance  

enhances sensitivity to anti-u / anti-d quark 

polarization

 ⇒ STAR Forward GEM Tracker (1<|ηe|<2)
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s = 500GeV

At the end of the RHIC W program we expect a significant 
improvement in the light sea helicity knowledge:

DSSV

Still collecting data!
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Gluon is not constrained 
by inclusive DIS

Inclusion of open-charm and W± production data
in a polarized PDF extraction via Bayesian reweighting

XXI International Workshop on Deep-Inelastic Scattering
and Related Subjects

Emanuele R. Nocera
in collaboration with R.D. Ball, S. Forte, A. Gu↵anti, G. Ridolfi and J. Rojo

Università degli studi di Milano & INFN, sezione di Milano

Parc Chanot Marseille - April, 23 2013

Emanuele R. Nocera (UNIMI) NNPDFpol1.0 April 2013 1 / 21
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Gluon helicity
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Gluon helicity

16

-0.1

0

0.1

0.2

10 -2 10 -1

DSSV

DSSV++

Q2 = 10 GeV2

x6g

x

RHIC 200 GeV Luís Silva  23 Apr 2013DIS 2013, Marseille (lsilva@lip.pt) 15/16

Open Charm ∆G/G Results: LO and NLO

Physical Review D 87, 052018 (2013)

ΔG
G

=−0.06± 0.21(stat) ± 0.08(syst) 〈xg〉 = 0.11−0.05
+0.11

, 〈2〉 = 13 GeV /c2

ΔG
G

=−0.13± 0.15(stat) ± 0.15(syst)
〈xg 〉 = 0.20−0.08

+0.13
, 〈μ2〉 = 13 (GeV /c)2

LO

NLO

Carl Gagliardi – DIS2013 – Gluon Polarization and Jet Production in STAR 11

ALL for inclusive jets:  2006 to 2009

• 2009 STAR inclusive jet ALL measurements are a factor of 3 

(high-pT) to >4 (low-pT) more precise than 2006

• Results fall between predictions from DSSV and GRSV-STD
• Precision sufficient to merit finer binning in pseudorapidity

STARSTAR

Including part of the 
Phenix and Star data
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From Form Factors to GPDs

Ju
v = 0.230+0.009

�0.024 Jd
v = �0.004+0.010

�0.016

Ji sum rule:

R = GE/(GM/µ)
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From Form Factors to GPDs

Ju
v = 0.230+0.009

�0.024 Jd
v = �0.004+0.010

�0.016

Ju
v = 0.214+0.009

�0.013 Jd
v = �0.029+0.021

�0.008

Bacchetta, Radici

Ji sum rule:

Compatible with (model-dependent) 
extraction from TMDs:

R = GE/(GM/µ)
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H, E
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Constraining GPDs  
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Constraining GPDs  
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DVCS (𝛾)

Vector mesons (𝜌, ω, 𝜙)

Pseudoscalar mesons (𝜋, 𝜂) 

! H, E, H̃, Ẽ

! H, E

! H̃, Ẽ

LO
q NLO
g+q NLO

BUT!!!

𝛾   
 𝜌, ω

, 𝜙    𝜋
, 𝜂
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but....
evolution sensitive 
to the prescription!

TMD evolution  

21
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Transversity and Collins extraction:

TMD transversity

22

H?
1h1 ⇥AUT /
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Collinear transversity
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Flavor separation!

AUT /
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and a similar formula for the cos(φ1 + φ2) modulation
amplitude a12. The interference fragmentation function
H<),q

1 of a quark q ( and charge eq) , and its polarization-
independent counterpart Dq

1, depend on the fractional

energy zα
CMS
= 2Eα/

√
s of the hadron pair in hemisphere

α and on its invariant mass mα. The CMS energy is
denoted by

√
s and the polar angle θ is defined between

the lepton axis and the reference axis in the CMS. As the
polar angular dependence is a clear indication of initial
transverse quark polarization, its asymmetry dependence
was studied.

Ph1
R1 Ph1 + Ph2

π − φ1

Ph3

φ2 − π

Thrust axis n̂

e−

e+

Ph2

Ph4

FIG. 1: Azimuthal angle definitions for φ1 and φ2 as defined
relative to the thrust axis in the CMS.

Collins and Ladinsky[14] used the linear sigma model
to make the first predictions for π-π correlations. An-
other approach makes use of a partial wave analysis to
arrive at predictions for H!

1 , which receives essential con-
tributions from the interference of meson pairs (pions and
kaons) in relative S- and P-wave states [15, 16]. A strong
dependence on the invariant mass of the hadron pair is
predicted. Predictions for spin effects that can be ob-
served at the B-factories can be found in papers by Jaffe,
Jin and Tang [17] and Radici, Jakob and Bianconi [18],
with the latter being recently extended to e+e− anni-
hilation [19] at Belle energies. Jaffe and collaborators
estimate the final-state interactions of the meson pairs
from meson-meson phase shift data in [20], where it is
observed that S- and P-wave production channels inter-

fere strongly in the mass region around the ρ, the K∗ and
the φ meson resonances, and give rise to a sign change of
the IFF.
The present analysis is based on a data sample of 672

fb−1, collected with the Belle detector at the KEKB
asymmetric-energy e+e− (3.5 on 8 GeV) collider [21]
operating at the Υ(4S) resonance and 60 MeV below.
The Belle detector is a large-solid-angle magnetic spec-
trometer that consists of a silicon vertex detector (SVD),
a 50-layer central drift chamber (CDC), an array of
aerogel threshold Cherenkov counters (ACC), a barrel-
like arrangement of time-of-flight scintillation counters
(TOF), and an electromagnetic calorimeter (ECL) com-
prised of CsI(Tl) crystals located inside a superconduct-
ing solenoid coil that provides a 1.5 T magnetic field.
An iron flux-return yoke located outside of the coil is in-
strumented to detect K0

L mesons and to identify muons
(KLM). The detector is described in detail elsewhere [22].
Two inner detector configurations were used. A 2.0 cm
radius beampipe and a 3-layer silicon vertex detector
were used for the first sample of 157 fb−1, while a 1.5 cm
radius beampipe, a 4-layer silicon detector and a small-
cell inner drift chamber were used to record the remaining
516 fb−1[23].
The most important selection criterion is the event

shape variable thrust, T , the maximum of which defines
the thrust axis n̂ :

T
max
=

∑

h |PCMS
h

· n̂|
∑

h |PCMS
h

|
. (3)

The sum extends over all detected particles, and PCMS
h

denotes their momenta in the CMS. The deviation of
the reconstructed thrust axis from the generated quark-
antiquark pair axis for light quarks is 135 mrad with an
RMS of 90 mrad, as obtained from the simulated sam-
ple of events. This value is compatible with those cited
earlier in the Collins analysis [2]. Since the two pairs
of hadrons should appear in a two-jet topology, events
are selected with a thrust value larger than 0.8. The
contamination from B decays in this event sample is
around 2% [3]. As the hadron pairs are sampled only
in the barrel region of the detector, one has to ensure
that for those pairs all possible azimuthal angles around
the thrust axis lie also within this acceptance. For this
purpose only events with a thrust axis pointing into the

h1 ⇥
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Additional TMDs ...
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Ongoing studies on TMDs universality:
universality broken in a calculable way 

for some TMDs
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pp AN

AN sensitive to final 
state definition!
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Outlook
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More measurements in progress

Several upgrade and new experiments planned



F. Giordano,  A. Bacchetta, M. Contalbrigo, M. Stolarski

Outlook
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More measurements in progress

Several upgrade and new experiments planned
THANKS 

to all the speakers!


