Nucleon

studies with CLAS detector

OUR MISSION:Explore the structure of nucleon and hadronic matter in
terms of most fundamental constituents: quarks and gluons
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IMPACT ON SOCIETY:
Nuclear; Accelerator based

energy, weapon, tech; superconductivity;
medicine Internet

Nanotechnologies

At distances below the nucleon radius (1013 cm)
nucleon structure depends on the distance scales
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During short time interval At complicated objects of total energy/massAE
may be created and propagate distance Ar~cAt, where c is light velocity.
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Dynamics

Strong interaction at various distance scales
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How the strong interaction evolves between thesetwo distance scales
represents onecof the main sdentific objectives for research at Jefferson Ij

Dressed quark get dynamical
mass (>97% of their totainass)
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Iressed quark

The studies of excited nucleon states N’s are needed to
understand how strong interactions create massive matter
from quarks and gluons in the Earth and in Universe.

Photons of billions electronvolts
of energyare needed to

N* excited state
excite N*. Variationof the photon (nucleon resonance)
virtuality Q? enable us to access N*
structure evolutionwith distancesAr N ground state
he 2 . 2,0 <10-2sec
Qz 5 Q =4F. E.sin (E) .  lifetime! 2T, .0
V € A

22 2 N*
E-pc-Q

JLAB is the bestplace in the world for N* studies, offering a unique opportunity to
measure with CLAS detector all possible reactions, covering almost4-  solid angle
with largestin the world coverage over N* masses and Q.

N*in CLAS data
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P,1(1440) electrocouplings and the structure of
resonance

Meson-baryon cloud and quark core in

resonance structure
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Space image of the of p—N*(1440)P,;
transition indicates presence of internal
core and external meson-baryon cloud

(dark) regions:
(negative)
charge densities
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After 12 GeV
Upgrade for the
first time we will
get direct access
to:

« interactions
between quarks
that are
responsible for N*
formation;

the processes
that generate
>97% of hadron
mass in Universe
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« The data are sensitive to assumption on resonance structure,

Ar(cm) = 5
VO (erg)

important

g us to rule out hyp is of hybrid nature of P,(1440).
- At dlstances << 1f structure of P11(1440) is dominated by 3 quark
ion, while at di: ~1f other contril also

Today cutting e technolo;
NANOTECHNOLOGIES

Come frorm comprehermve fundamental

tudi th £ matter,
boundby electromagnetic interactions.
Exploit capability to affectpropertiesof
atoms and molecules

Fundamental restrictions:
inability to affectproperties
of nuclei, nucleons and hadrons.

Impact on society

Future cutting edge technolo;

Aftera deep understanding of the strong
interaction dynamics will have been
achieved, we maybe able to affect the
properties of nuclei, nucleons and
hadrons.

Plenty of qualitatively new
technologies, nextgeneration after
nanotechnologies, may open up!




