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The 3D 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TMDs:                 
Exclusive Measurements 
1+2D spatial distribution 

Semi-inclusive measurements 
3D momentum distribution 

GPDs:  
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A World‐wide Challenge 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EIC  
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CHL‐2 

Upgrade 
magnets and 

power supplies 

Enhance equipment in 
exis5ng halls 

add Hall D  
(and beam line) 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Beam Energy       12 GeV 
Beam current         90 µA 
Beam polarization  85 % 

CEBAF Upgrade at Jefferson Lab 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Limit defined by luminosity 
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Super High Momentum Spectrometer (SHMS) 
unpolarized SIDIS, hadron ID 

Hall-C 

Spectrometer Pair, polarized 3He target  
up to to 1038 cm-2 s-1  hadron ID 

Hall-A 

Hall-B 

CLAS12  H,D polarized targets up to 1035 cm-2 s-1  
“complete” acceptance, hadron ID 

SOLID  3He, NH3 polarized targets  
up to 1036 cm-2 s-1 large acceptance, pion ID 

Hall-A 

 JLab12 Experimental Halls 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Super High Momentum Spectrometer (SHMS) 
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up to 1036 cm-2 s-1 large acceptance, pion ID 

Hall-A 

 JLab12 Experimental Halls 

SIDIS cross-section factorization tests 

TMDs and GPDs comprehensive study,  
with special care on applicability 

Ultimate statistical precision 
 in the valence region 

Luminosity frontier 
World leading 3He target 
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The SIDIS case 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Leading 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TMDs 
quark polarisation 

nu
cl

eo
n 

po
la

ris
at

io
n 

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 

Off-diagonal elements: 

⊥

T1f
Sivers 

g1T
!

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 
 

Transversity: 

Worm-gear 
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Parton Number Density 
SIDIS extraction: 
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ATLAS: arXiv:1206.4051 

[Jackson, DIS 2013] 
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Parton Number Density 
SIDIS extraction: 

E12-07-104  Hall-B 

 PSHP2013, 13rd November 2013, LNF 

[Makke, DIS 2013] 

[Jackson, DIS 2013] 



Disentanglement of z and        : access to the  
transverse intrinsic quark kT and fragmentation pT,  
 
i.e. from gaussian anstaz: 

23 Contalbrigo M. 

f
1
!D

1The Ph ‐unintegrated mul9plici9es 

0.5 1

M
ul

tip
lic

ity

0

0.5

0.5 1

0

0.5

0.5 1

0

0.2

0.4

0.5 1

0
0.2
0.4

0.5 1

0

0.2

0.4

0.5 1

0

0.2

0.4

0.5 1

0

0.05

0.1

 [GeV]
T

p
0.5 1

0
0.05

0.1

+K+K

proton
deuteron
proton
deuteron

0.2 < z < 0.30.2 < z < 0.3

0.3 < z < 0.40.3 < z < 0.4

0.4 < z < 0.60.4 < z < 0.6

0.6 < z < 0.80.6 < z < 0.8

-K-KHERMES PRELIMINARYHERMES PRELIMINARY

Ph!
2
= z

2
kT
2
+ pT

2

T Ph 

T Ph 
2 

T Ph 
T 

HERMES                  [arXiv: 1212.5407] 

COMPASS   [arXiv: 1305.7317] 

1

NN

DIS
(Q

2
)

dNN

h
(z,Q

2
)

dz
=

eq
2

dx f
1q (x,Q

2
)D

1q

h
(z,Q

2
)!

q
"

eq
2

dx f
1q (x,Q

2
)!

q
"

M
N

h
(z) =

 PSHP2013, 13rd November 2013, LNF 



Disentanglement of z and        : access to the  
transverse intrinsic quark kT and fragmentation pT,  
 
i.e. from gaussian anstaz: 
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0             0.5               1.0               kT

Ph   & Flavor Dependence 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T 

• kT-distributions of TMDs  depend on flavor and spin Difference in hadronic transverse momentum 
distributions may come from fragmentation  

P. Schweitzer et al., arXiv:1210.1267 

H. Matevosyan et al., arXiv: 1111.1740 

Final states with sensi,vity to different parton types will be cri,cal  
to separate contribu,ons to the complex nucleon 3D structure 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Medium modifica9on 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In terms of the QCD, there are several contributions to PT distribution of hadrons produced in SIDIS: 
•   primordial transverse momentum, 
•   gluon radiation of the struck quark, 
•   the formation and soft multiple interactions of the “pre-hadron” 
•   the interaction of the formed hadrons with the surrounding hadronic medium 
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Medium modifica9on 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Brooks talk 
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Parton Helicity from SIDIS 
 COMPASS                          [arXiv:1007.4061] HERMES               [hep-ex/0407032] 

-- DSSV 

-- GRSV 
-- BB 

 DNP Fall Meeting of APS, 25th October 2013, Newport News 
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Parton Helicity 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SIDIS 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DSSV       [arXiv:0804.0422] 
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Sea Parton Helicity from RHIC 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DSSV++       [arXiv:1304.0079] 

34 Contalbrigo M. 

Sea Parton Helicity from RHIC 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DSSV++       [arXiv:1304.0079] 
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Gluon Parton Helicity from RHIC 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Quark Helicity at High‐x 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E12-07-104  Hall-B 
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1st extraction of Transversity! 

Transversity Signals 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 Collinear extraction ! 
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Large x important to constrain  
the tensor charge 

E12-12-109  Hall-B 

Di-hadron channel for h1 
Test  of TMDs extraction 

Proton C12-11-111  Hall-B 
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EMC (1987) 
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The Azimuthal Modula9on 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The Sivers Signals 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Clear not-zero signals 
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The Sivers Signals 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The Sivers Distribu9ons 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Without sea: With sea: 

Not zero ? 
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Sivers @ JLab12 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SOLID  
(projected) 

NH3 & 3He 

)X 40 days  

E12-11-007  Hall-A 

3He 

HDice 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E12-10-006  Hall-A 
E12-11-108 

C12-11-111  Hall-B 



Mul9‐D Analysis 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Statistical errors  
 4D analysis on π+ 
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Generalized parton distribu9ons 
Encompass parton distributions and form factors 
 

Longitudinal momentum and transverse spatial position 
correlated information 
 

Access OAM  Lq= Jq-½ΔΣ   via Ji sum rule 
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Exclusive φ and the Gluonic Radius 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From t slope of 
            average impact parameter 

E12-12-107 Hall-B  
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Generalized parton distribu9ons 
Encompass parton distributions and form factors 
 

Longitudinal momentum and transverse spatial position 
correlated information 
 

Access OAM  Lq= Jq-½ΔΣ   via Ji sum rule 
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Exclusive Kaons 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HT effects ET effects 

σT+εσL 

σLT 

σTT 

           Goloskokov talk 
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At JLab12 dominant contribution from transverse photon:  
possible access to the chiral-odd GPDs  (and spatial distribution of transversely polarized quarks) 



The JLab12 Charge 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Complete mapping (3D) of the nucleon in the valence region 
High potential of the complementary programs of 3 experimental halls 

Start of Accelerator commissioning expected in November 
and running beam to Hall-A in February 2014 
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