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Enable new insights into the structure of the nucleon

The naive quark model based on collinear approximation doesn't account for the
complex structure of the nucleon for ex. it doesn’t account for all its spin!

~ 0.3 small could be large

Nucleon Spin:

Naive Quark Model QCD: Orbital angular
AT = Au,+Ad, =1 Sea-quarks and gluons momenta ?
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Observables

Non-zero transverse momenta of partons are accessible in measurements
of azimuthal distributions of final state hadrons

e v=FE—FE

Ex: SIDIS process i Q% = (k- K')?
Y Y = z//E

‘7(“1’ r = Q2/2Mv

z = Ey/v

Observables: spin azimuthal asymmetries (SSA)

SSA are due to correlations between transverse momentum of quarks (k,)
and the spin of the quark/nucleon and appear as moments of ¢
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TMDs
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TMDs

do qu(a:) 0 daf(y) ® D(; “h(i’)

Nucleon description at leading Twist

TMD quark sﬁ
U L T P

Ul ¢@ h @-©
| Parton Distribution Functions
A (@--@-|n@--©- generalized to contain
(b G,b information not only on
£l é i Q | é i é) 0q a longitudinal, but also on the
IT

o " ® @ transverse momentum
hir @) - distribution of partons

= 00 -—-—0C O




Jefferson Lab and CLAS

ep—e’hX

1. high intensity beam with high polarization
2. polarized targets
3. high acceptance for the hadron



Jefferson Lab and CLAS
ep—e’hX

1. high intensity beam with high polarization CLAS at JLab perfectly

2. polarized targets matches all this
3. high acceptance for the hadron requirements




Jefferson Lab and CLAS

ep—e’hX

1. high intensity beam with high polarization
2. polarized targets
3. high acceptance for the hadron

CLAS at JLab perfectly
matches all this
requirements

20 cryomodules -~

‘ I -
-
.
el
’ *
Ld
#
*
-
-
-
%
-

o
Ll
-

o2

L\

20 cryomodules

#
-
#
#
-
L > o
i'
e

Beam: continuous
Energy: 0.8 - 5.7 GeV
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Experimental configuration

Pol. NH,, ND; targets <P,> =0.75, <Py>=0.3
Longitudinal polarization

Inner Calorimeter (424
PbWO, crystals) to detect
high energy photons at
forward lab angles.
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Longitudinal pol. target: Kotzinian-Mulders asymmetry
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curves, xQSM from

. Efremov et al
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Longitudinal pol. target: A;-P; dependence
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Longitudinal pol. target: A,-P; dependence
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BSA: Asymmetry extraction and fitting for xt°
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BSA: Asymmetry extraction and fitting for =®
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n® BSA Asymmetry results
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CLAS transversely polarized HD-Ice target

" Target used by LEGS at BNL with photon beam
Pros
« Small field ( J/ Bdi~0.005-0.05Tm)
« Small dilution (fraction of events
from polarized material)
Less radiation length
Less nuclear background
Wider acceptance
much better FOM, especially for deuteron

Cons
« HD target is highly complex and there is a need for redundancy due to the very
long polarizing times (months).
Need to demonstrate that the target can remain polarized for long periods with
an electron beam with currents of order of 1-2 nA

" The target is now at Jlab

e polarization of targets Mar-Jun 2010 / Aug-Dec 2010
« photon run with HD-ice Sep 2010-Apr 2011

» test run with e- Apr 2011

* physics run with e- Nov./Dec 2011

e Expected luminosity L~ 5 1033




TMDs with Transverse Target
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pretzelosity  Collins FF CLAS will provide a superior measurements of Sivers asymmetry at
TMD large x, where the effect is large and models unconstrained by
previous measurements.




The future

A new generation of experiments is necessary to fully exploit the
properties of TMDs, with

- wide kinematic coverage

- high luminosity

- high polarization

- high capability of final hadron separation
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The future

A new generation of experiments is necessary to fully exploit the
properties of TMDs, with
- wide kinematic coverage

- high IuminOSiW 0
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JLAB @12 GeV
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TMDs Program @ 12 GeV in Hall B

PAC approved experiments

E12-06-112: Pion SIDIS

E12-07-107: Pion SIDIS
- E12-09-009: Kaon SIDIS

E12-09-008: Kaon SIDIS .

LOI12-06-108: Pion SIDIS
LOI12-09-004: Kaon SIDIS

—>

q

N U L T

U | f hi
giL hi

T | fir | oir | ha, hip

« Complete program of TMDs studies for pions and kaons

« Kaon measurements crucial for a better understanding of

the TMDs “kaon puzzle”

« Kaon SIDIS program requires an upgrade of the CLAS12
detector PID = RICH detector to replace LTCC
Project under development, major role played by INFN
groups (LNF, FE, RMI/ISS, BA)




Kaon TMDs @ 12 GeV in Hall B
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Kaon TMDs @ 12 GeV in Hall B
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Kaon TMDs @ 12 GeV in Hall B
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* How large can the effect of s
quarks be?

/K measurement @ CLAS12
will provide a more detailed
knowledge of Sivers effect
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Conclusion

® Correlation of spin and transverse momentum of partons is crucial in
understanding of the nucleon structure in terms of quark and gluon
degrees of freedom of QCD

" CLAS in Hall B at Jlab is playing a major role in these studies

" The new CLAS experiment with longitudinally polarized NH3 and ND3
targets provides superior sample of events allowing multidimensional
binning to study:

- SSAs for « and p in SIDIS
- Higher Twists and quark-gluon correlations
- Double spin asymmetries and flavor decomposition of helicity dist.

" Studies of the spin-structure of the nucleon is one of the main driving
forces behind the upgrade of Jefferson Lab

® JLab12 with wide kinematic coverage, high luminosity, high polarization
is essential for high precision measurements of 3D PDFs in the valence
region



Polarization monitoring: P,*P, - Charge Asymmetry
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