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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
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The 3D Nucleon Structure
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The SIDIS Landscape

Limit defined by luminosity

Different Q2 for same x range
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Comprehensive measurements based on :

High luminosity up to 103° cm2 s

Large acceptance (current & target fragmentation)

Polarized beam and targets
Multi-particle final state measurements

6 GeV

NIM A503, 513 (2003)

CEBAF
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DC: Drift Chamber
CC: Cerenkov Counter’
SC: Scintillation Counter
EC: Electromagnetic Calorimeter
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The 3D Nucleon Structure
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DIS Cross-Section

From optical theorem:
related to the imaginary part of the forward scattering

TMD Factorizati
holds for p;<<Q
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Projection into
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hadron polarisation
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DIS Cross-Section

Wide kinematic coverage is needed to resolve the convolution

Fo=feD=xy e [ d’pd’ky 6B, ~zk,-p,) wlky.py) f/(0k7) D*(z.p))

Quark fragmentation

Hard scattering

TMD Factorization
holds for p;<<Q

Quark-quark correlator
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nucleon polarisation

hadron polarisation

Unpolarized TMDs
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Scattering on deuterium with proton spectator tagging
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Extending the study to the transverse momentum
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TMD Evolution
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Quark Helicity
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Transversity @ CLAS12
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Spin-Orbit Correlations @ CLAS
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A, is proportional to the structure function

3 e(x): twist-3 PDF sensitive

- IN h-k M,  G+\ h- M, | E to qGq correlations
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Sivers Mapping @ CLAS12
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The 3D Nucleon Structure
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Generalized parton distributions

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

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

@ Sensitivity of different final states to
different GPDs

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

@ Vector mesons (p, o, ¢) > H E

@ Pseudoscalar mesons (7,77) > f] , E

Collinear PDFs as forward limit:

Access OAM L= J, 1/zAZ via Ji sum rule fdszH(x,bT)=f1(x)
J' —lmgjdx x[H (x &, t)+E (x g, t)]

[ d*b,H(x,b,) = g,(x)
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DVCS Interference

Informations on the real and imaginary part of the

QCD scattering amplitude DVCS ’ BEthg-HeitIer
4
d’o o« (|Tovesl® + |Tenl” +I)
dQ? dxg dt d¢
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DVCS Interference

Informations on the real and imaginary part of the

QCD scattering amplitude Bethg-HeitIer

e €
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ALy
S. Stepanyan et al., Phys. Rev. Lett. 87, 182002 (2001). S. Chen et al., Phys. Rev. Lett. 97, 072002 (2006).
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High statistics extraction of Single and
Double-spin asymmetries on NH,

-

Simultaneous CFF extraction from three
observables in a common kinematics

P (deg)

sE 7Q* = 1.52 (GeV/e)

¥~ =0.179

2F <Q¥>=1.97 (GeV/c)
of x> =0.255

PRI BFIRTEE BE S R | IR

W

=M I PR N N P

SE <Q%> = 2.41 (GeV/e)

<xz> = 0.255

E [<Q*> =2.6 (GeV/e)
23F |<xg>=10.345

i

oF ¢ [ ]

E <Q™>=3.31 (GeVie)
L <xp>=0.453

SR P PRI R

| WU PRSI U NI U SRR SRR Y
02 04 06 08 1 12
-t (GeV?)

_+_ Hy,. fit to present data
+ ﬁh, fit to present data
_45_ Hp,. fit to [13] and [15]
—4— H,_. fit to [13] and [15]

-t (GeV?)

PR R B
02 04 06 08 1 12

E. Seder et al, PRL114, 032001 (2015)
[arXiv: 1410.6615]

S. Pisano et al., PRD91, 5 052014 (2015)
[arXiv: 1501.07052]




d4o,ep—>e'py

dx dQ’dt dg

-t=0.153 GeV?

DVCS xsec on LH, in a large kinematics domain (110 bins)

BH only

—— VGG (H only)
* KM10 (Kumericki, Mueller)

-t=0.262 GeV?

KM10a

-t=0.447 GeV?

—
TTTT

—
Q

d*c (nb/GeV?)

Q%=1.63 GeV?
x5=0.185

Nl N W R EEPY

A(d%) (nb/GeV?)
e o ©
|° N = »

S o o
» A N
TTTT T TTTI T

C |
Lo !

50 10

-t=0.204 GeV?

0 150 200 250 300 350

[

D (deg)

| R
50 100 150 200 250

f NI S WS R N L

0 150 200 250 300 350
P (deg)
-t=0.262 GeV?

[

P RETTRTR AURUCACTN AU SRR R ATR AR SR A N
50 100 150 200 250 300 350
P (deg)

-t=0.448 GeV?

H. S. Jo et. al. [arXiv: 1504.02009]

Lo i i i i
oI INENIT IS AU NI AN AN EN AN AT AN AN AT

01 02 03 04

0.5

0.6
Xg

= T

."‘l

4
\':'.’.4 y
i .

-
H _‘ﬁ )

-llllllllllllllllllllll

01 02 03 04

0.5

Xg

0.6



Impact of CLAS12 Data

@ distribution in any (x, -t, Q2) bin
CLAS acceptance & efficiencies included
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To access E, & E, both E, & E are needed
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Conclusions

CLAS @ HallB: a wide-acceptance high-luminosity high-polarization experiment for a
comprehensive study of the partonic transverse degree of freedoms in the nucleon

[ Precise mapping of TMDs (pdf & FF) and GPDs in a multi-D approach J

» Constrain models in the valence region

Test factorization

Study higher twist effects

Investigate non-perturbative to perturbative transition (along P;)

Flavor separation via proton and deuteron targets and hadron ID

Test of Lattice QCD calculations: tensor charge

Access to OAM

Contalbrigo M. Int. Nuclear School — 37t Course, 21t September 2015, Erice



