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Hall B CLAS detector

Experiments with [polarized] electron and photon beams
using variety of cryogenic, solid and polarized targets
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Supported execution of a dlverse physics program for 15 years
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CLAS12 — Design Parameters
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FD CD
Angular range
Track 50 — 400 350 — 1259
Photons 20 — 4(Q0 ---
Resolution
dp/p (%) <1@5GeVic |[<5@ 1.5GeV/c
de (mr) <1 <10-20
A (mr) <3 < 5
Photon detection
Energy (MeV) | >150 ---
36 (mr) 4 @1 GeV ---
Neutron detection | N_4< 0.7 Ns< 0.3
Particle ID
eln Full range ---
/P <5 GeV/c <1.25 GeV/c
/K < 2.6 GeV/c < 0.65 GeV/c
K/p <4 GeV/c <1.0 GeV/c
(M) =>yy Full range ---
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JLAB kinematic and experimental reach
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Physics program of CLAS (CLAS12)

2 Hadron spectroscopy
o Spectrum of nucleon resonances
o Exotics
2 Nucleon structure (p & d targets)
o Form Factors (FFs)
o Parton Distribution Functions (PDFs)
o Generalized Parton Distributions (GPDs)
o Transverse Momentum Distributions (TMDs)

Nuclear QCD

o Nuclear GPDs

o Quark propagation and hadronization in nuclei
o Color transparency

o Short-range correlations

o Effects of binding on nucleon structure
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Electroexcitation of nucleon resonances

» Over past decade, CLAS provided the lion’s share of the world’s data on meson photo-
and electroproduction in the resonance excitation region.

« These data were not only important for in identifying new states (accommodated in CQM
and LQCD) but also in revealing structure of known resonances

« Theoretical analyses of these results have revealed that there are two major

contributions to the resonance structure:
- an internal quark core
- an external meson-baryon cloud
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The neutron magnetic FF

Dual-cell target containing LD, and LH, —

need an accurate measurement of the
neutron detection efficiency
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Structure of the Free Neutron at Large Bjorken x

N. Bailie et al., PRL 108, 142001 (2012)
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The Longitudinal Spin Structure of the Nucleon
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1 Dynamically polarized

NH; and ND, targets

« Magnet provides natural t=—==¢
Moller shielding

A (x) x
7

Model for x --> 1 AP | AP | du |Av/u| Ad/d
SU(6) 59 | 0 172 | 2/3 | -1/3
w/ hyperfine (Eq_, < Eq_)) | 1 1 0 1 | -1/3
One gluon exchange 1 1 0 1 | -1/3
Suppressed symmetric WF | 1 1 0 1 | -1/3
S=1/2 dominance 1 1 | 1/14| 1 1
0,, dominance 1 1 /5 1 1
pQCD (conserved helicity) | 1 1 1/5 1 1

No data are available at large x
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Polarized structure functions at 11 GeV
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Expected uncertainties for Au, Ad, AG and As from a NLO analysis
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Short range correlations in nuclei
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3-D Picture of the Nucleon

DIS Parton Distribution Functions Elastic Form Factors

P (p,)

No information about
the underlying
dynamics of the
system

No information on
the spatial location
of the constituents

Transverse Momentum Distributions & Generalized Parton Distributions
3-D imaging of the nucleon, the correlation of quark/antiquark transverse spatial and
longitudinal momentum distributions, and on the quark angular momentum distribution
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First DVCS measurements

Analysis of existing CLAS data
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CLAS DVCS beam spin asymmetry

OThomas Jefferson National Accelerator Facility
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CLAS target and double spin asymmetry
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Compton form factors from BSA, TSA and DSA
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CLAS DVCS cross

sections
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CLAS12 DVCS - longitudinally polarized beam
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‘Nuclear GPDs -4He DVCS

1st Exclusive Measurement of Coherent 4He DVCS
Spin-0 Nucleus - only 1 chiral-even GPD at leading twist
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Hidden charmed pentaquarks and gluonic structure

of the nucleon with CLAS12

What is the exact nature of charmed pentaquark 10 F

states discovered by LHCb collaboration at CERN : P = J/IPP e i
})C i J/wp L q] f]’#——*"—
5-quark bound state or  Hadronic | L % T
molecule : e
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SLAC unpublished
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CLASI12 projections for 30 days of running
at luminosity of 10* emZsec™
P (4450) cross section from Phys.Rev. D92, 031502 (2015)

What is the mechanism of charmonium production 10 o *
at the threshold "

2_g luon or 3_g luon E :: ® CLASI12 projections without P (4450)

----- 2-gluon exchange model fit to published data
--------- 3-gluon exchange, normalized at 12 GeV
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Experiment E12-12-001 measures Jhp production on the proton near threshold — will verify
existence of the charmed pentaquarks and will study the gluon field of the nucleon
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Summary

The Hall-B CLAS detector at Jefferson lab run successfully for about
15 years, supporting a diverse physics program

CLAS physics program included experiments with [polarized]
electron and photon beams, and variety of cryogenic, solid, and
polarized targets

The physics program of CLAS, the large part of which will continue
with CLAS12, covers studies of nucleon and nuclear structure using
inclusive and exclusive electroproduciton reactions, and hadron
spectroscopy

There is already more than 1500 hours of beam time approved for
CLAS12 experiments

The 12 GeV Upgrade greatly enhances the scientific “reach” of JLAB
facility. Detectors in experimental halls are well suited to carry out
vigorous physics program
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