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Major Directions in the Studies of N*-Spectrum and Structure with CLAS

The experimental program on the studies of N* spectrum/structure in exclusive
meson photo-/electroproduction with CLAS seeks to determine:

* v, ,NN* electrocouplings at photon virtualities up to 5.0 GeV? for most of the
excited proton states through analyzing major meson electroproduction channels

« extend knowledge on N*-spectrum and on resonance hadronic decays from the
data for photo- and electroproduction reactions, in particular, with multiple
mesons in the final state

A unique source of information on different manifestations of the non-perturbative
strong interaction in generating different excited nucleon states as relativistic
bound systems of quarks and gluons.

Review papers:

1. 1.G.Aznauryan and V.D. Burkert, Progr. Part. Nucl. Phys. 67, 1 (2012).
2. 1.G.Aznauryan et al., Int. J. Mod. Phys. E22, 133015 (2013).

3. I.C.Cloét and C.D. Roberts, Prog. Part. Nucl. Phys. 77, 1 (2014).
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Excited Nucleon States and Insight to Non-Perturbative Strong Interaction

Studies of N* spectrum/structure suggest that ground C.Q.
and excited nucleon states consist of three dressed
(constituent) quarks (C.Q.) coupled by non-perturbative C.Q.
strong interaction (ovals in the plot).
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Dressed Quark Evolutionfrom pQCD to Confinement Regimes

quark/gluon confinement
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Rapid acquisition of mass is

— m =0 (Chiral limit)
— m=30 MeV
== m=70MeV

Consistent results from two different

QCD-based approaches:
*LQCD - P.O. Bowman, et al., PRD 71,

054505 (2005) (points with error bars).
*DSEQCD - C.D. Roberts, Prog. Part. Nucl. Phys.
61, 50 (2008) (lines).

N* Program addresses the most
challenging open problems of the
Standard Model on the nature of
hadron mass and quark-gluon
confinement.

* morethan 98% of dressed quark (N/N*) masses as well as their dynamical structureare generated
non-perturbatively through dynamical chiral symmetry breaking (DCSB). TheHiggs mechanism

accounts for lessthan 2% of the nucleon & N* mass.

* the momentum dependenceofthe dressed quark mass reflectsthe transition from quark/gluon

confinement to asymptotic freedom.
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Quark Mass Function from the Studies of N/N* Structure
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[.C. Cloét, C.D. Roberts, AAW. Thomas,
Phys. Rev. Lett. 111,101803(2013).

 elastic form factors are sensitive to momentum
dependenceof quark mass function.

« massfunction should bethe samefor dressed
gquarksin the ground and excited nucleon states.

« consistentresultsondressedquarkmass
function determined from the data on elastic form
factors and transitiony,NN* electrocouplings are
critical for reliable extraction of this quantity.

Studies of y,NN* electrocouplings (transition N—N* form factors)and elastic nucleon form factors
combined representthe central direction inthe exploration ofthe strong interaction inthenon-
perturbative regime.
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Extraction of y,NN* Electrocouplings from the Exclusive Meson
Electroproduction off Nucleons

Resonant amplitudes Non-resonant amplitudes

n, 1N, N7, KY:/ ‘TC,T], T, KY,...

*
*
*

N*, Ak

N N’
N
*Real A12(Q%), A3p(Q?), S1,(Q7) Definition of N* photo-/electrocouplings
or employedin the CLAS data analyses:
*G1(Q?), G2(Q?), G3(Q?)
or q2 2M 2 2
'GM(Q2)1 GE(QZ)’ GC(QZ) Fy:;y(z\-j +1)NM ﬂAuz‘ +‘A3/2‘ ] I", stands for N* electro-
|.G. Aznauryan and V.D. Burkert, r N magnetic decay widths at the
Progr. Part. Nucl. Phys. 67, 1 \%‘fﬁ” point (Q*=0) and
(2012). =My on the real energy axis.

« Consistent results on y,NN* electrocouplings from different meson electroproduction
channels and different analysis approaches demonstrate reliable extraction of these

guantities.
Y tata e
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Summary of the CLAS Data on Exclusive Meson

Electroproduction off Protons in N* Excitation Region

Hadronic final Covered Covered Q?- Measured

state W-range, GeV range, GeV? observables

N 1.1-1.38 0.16-0.36 do/dQ
1.1-1.55 0.3-0.6 do/dQ2
1.1-1.7 1.7-45 do/dQ, A,
1.6-2.0 1.8-4.5 do/dQ

nop 1.1-1.38 0.16-0.36 do/dQ
1.1-1.68 0.4-1.8 do/dQ, Ay ALA,,
1.1-1.39 3.0-6.0 do/dQ

np 1.5-2.3 0.2-3.1 do/dQ

K*A thresh-2.6 1.40-3.90 do/dQ

0.70-5.40 PO, P’

K+30 thresh-2.6 1.40-3.90 do/dQ
thresh-2.6 0.70-5.40 P’

TP 1.3-1.6 0.2-0.6 Nine 1-fold
1.4-2.1 0.5-1.5 differential cross

sections

*do/dC2-CM angular
distributions

Ay, A, Ay-longitudinal
beam, target, and
beam-target asym-
metries

*PY | P’ —recoil and
transferred polarization
of strange baryon

Almost full coverage
of the final hadron
phase space in

N, n*n-p, np,and KY
electroproduction.

Thedataon exclusive electroproductionfor all listed final states are available from CLAS and

storedin the CLAS Physics Data Base http://clas.sinp.msu.ru/cqgi-bin/jlab/db.cqi.
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Approaches for Extraction of y,NN* Electrocouplings from the CLAS Exclusive Meson
Electroproduction Data

« Analyses ofdifferentpion electroproduction channels independently:
» nw*nand np channels:
Unitary Isobar Model (UIM)and Fixed-t Dispersion Relations (DR)
I.G. Aznauryan, Phys. Rev. C67, 015209 (2003).
.G. Aznauryan etal., CLAS Coll., Phys Rev. C80, 055203 (2009).
.G. Aznauryan et al., CLAS Coll., Phys. Rev. C91, 045203 (2015).
Reggeized background employing DR & Finite Energy Sum Rules: underdevelopmentby
JPAC
» np channel:

Extension of UIM and DR
I.G. Aznauryan, Phys. Rev. C68, 065204 (2003).

Data fit at W<1.6 GeV,assuming S;,(1535)dominance
H. Denizli et al., CLAS Coll., Phys. Rev. C76, 015204 (2007).
» mn*n’p channel:
Datadriven JLAB-MSUmeson-baryonmodel (JM)

V.l. Mokeev, V.D. Burkert et al., Phys. Rev. C80, 045212 (2009).
V.. Mokeev et al., CLAS Coll., Phys. Rev. C86, 035203 (2012).
V.l. Mokeev, V.D. Burkert et al., arXiv:1509.05460[nucl-eX].

B Veneziano model for 3-body background: underdevelopmentby JPAC

Global coupled-channel analyses of the CLAS/world dataof y, N, =N, nN, nzN, KA, KX exclusive
channels:

T.-S. H. Lee, AIP Conf. Proc.1560,413 (2013).
H. Kamano et al., Phys. Rev. C88,035209(2013).
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Fits to Differential Cross Sections
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Resonant /Non-Resonant Contributions from the Fit of n*np
Photo-/Electroproduction Cross Sections withinthe JM Model
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1. NN* Electrocouplings from Nz and n*np Electroproduction
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Summary of the Published/Ready for Publication Results on y,pN*

Electrocouplingsfrom CLAS
Exclusive meson Excited proton Q?-ranges for extracted
electroproduction states vvNN* electrocouplings,
channels GeV?
m°p, ©*n A(1232)3/2* 0.16-6.0
N(1440)1/2+N(1520)3/2", 0.30-4.16
N(1535)1/2
nn N(1675)5/2-, N(1680)5/2* 1.6-4.5
N(1710)1/2*
np N(1535)1/2 0.2-2.9
TP N(1440)1/2*,N(1520)3/2 0.25-1.50
A(1620)1/2-, N(1650)1/2, 05-15
N(1680)5/2+, A(1700)3/2",
N(1720)3/2*,N’(1720)3/2*

The values of resonance electrocouplings can be fond in:
https://userweb.jlab.org/~mokeev/resonance_electrocouplings/

The prospects:
* v.,pN*electrocouplingof all prominent nucleon resonancesin massrange M\.<2.0 GeVwill be
determined fromindependentanalyses of Nz, Nnw, and KY channels;

* theweb-sitewill bedeveloped for evaluation of y pN*electrocouplings forthe aforementioned
resonances at 0.2 GeV?< Q%< 5.0 GeV-2.

e V. Ve Van Van
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First Interpretation of the Structure at W~1.7 GeV in n*n'p Electroproduction

TheJMO3 analysisof three of nine one-  «woeeeee conventional states only, consistent with PDG 02.
fold differential cross sections
(M.Ripani et al., Phys. Rev. Lett. 91, implementing 3/2*(1720) candidate or conventional
022002 (2003)). ______states only with different than in PDG 02 N(1720)3/2*
N7 decays.
Two equally successfulways for the data description:

differentthan in PDG 02°'N(1720)3/2* Nrnrt
hadronic decay widths: _§

It MeV | BF(rA) BF(pp) 6 - Q*=0.65 GeV*

% %
N(1720)3/2* 11419 | 6312 1949 a0 [ ShN I N
decays fit to the 75+12
CLAS Nnr data (BnGal2) 5 Q*=0.95 GeV?
N(1720)3/2* 150-300 | <20 70-85 5 e
PDG 02’ -
new 3/2*(1720) state and consistentwith PDG 02’ Y /o] Q°=1.30 GeV*
Nrr hadronic decays of N(1720)3/2*: LA NG Il 0
', MeV | BF(mA) | BF(pp) I .
% % s [
327(1720) | 8817 41413 17+10. i
candidate | | | | | | |
0 ‘1.4‘ | ‘1,5‘ | ‘1.6‘ | ‘1,7‘ | ‘1.8‘ | ‘1.9‘ - 2 - ‘2,1
N1720)3/2* 161+31 <20 60-100 W, GeV
conventional
= =l= o o
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Further Evidence for the Existence of the New State N’(1720)3/2*
from Combined n*np Analyses in both Photo- and Electroproduction

W=1.71 GeV, Q°=0 GeV* . . .
5 ? . Almost the same quality of the photoproduction data fit at

1.66 GeV <W<1.76 GeV and Q2%=0, 0,65, 0.95, 1.30 GeV?2 was
achieved with and without N’(1720)3/2* new states
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N* hadronic decays from the data fit that
incorporates the new N’(1720)3/2* state
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oun- pln+ phdeg o (n+ p)in- pbdeg o (pf pl(n- w+)deg
N(1720)3/2* hadronic decays from the CLAS data fit with N(1720)3/2*
conventional resonances only electroproduction 39-55 23-49
photoproduction 38-53 31-46
BF(nA), % BF(pp), %
A(1700)3/2-
electroproduction 64-100 <5 electroproduction 77-95 3-5
photoproduction 78-93 3-6
photoproduction 14-60 19-69
Successfuldescription of t*np photo-and
_ electroproduction dataachievedby
The contradictory BF values for N(1720)3/2* implementingnew N’(1720)3/2* state with
decaysto the nA and pp final states deduced Q?-independent hadronic decay widths of
from photo-and electroproduction datamake it all resonances contributing at W~1.7 GeV
impossibleto describe the datawith provides strong evidence for the existence of
conventional states only. new N’(1720)3/2* state.
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The Parameters of N’(1720)3/2* New State from the CLAS Data Fit

The photo-/electrocouplings of N’(1720)3/2* and conventional N(1720)3/2* states:
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N’(1720)3/2* 1.715-1.735 120x6
N (1720)3/2* 1.743-1.753 1128

N’(1720)3/2* is the only candidate state for which the results on Q2-evolution of transition
electrocouplings have become available offering the insight to the structure of the new
baryon state.
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Access to the Dressed Quark Mass Function from the Data on the Transition
N—N" Form Factors

A(1232)3/2* N(1440)1/2+
Jones-Scadron convention Dirac F;* and Pauli F,”
J. Segovia et al., Few Body Syst. 55,1185 (2014). N—N(1440)1/2* transition form factors
J. Segovia et al., arXiv: 1504.04386[nucl-th] accepted by PRL
0.14F 04k Quar_k core
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The quark core contributions to transition form factors computed in a common DSEQCD framework starting from the QCD
Lagrangian:

Contact qq interaction, Realistic qq interaction, running quark mass,

frozen constituent quark mass. the same but multiplied by the common factor which accounts
Realistic qq interaction, —___ forthe product of the quark core fractions in ground and
running quark mass. N(1440)1/2* states

Good data description at Q%>2.0 GeV? achieved with the same dressed quark mass function for the ground and excited
nucleon states of distinctively different structure demonstrates for the first time the capability to probe guark mass_

function from the data on elastic/transition form factors.

Significantachievementin hadron physicsof the last decadein collaborative experimrentalist/theorist
efforts with thg gorrgjnantcontribution tothe experimental results from the CLAS.
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Quark Core and Meson-Baryon Cloud in the Structure of N(1440)1/2* Resonance

Quark core from DSEQCD

The mechanisms of meson-baryon dressing :

i N
YNV 3
B o i
P B 0 20 L
° L
P [
Description of the N(1440)1/2* A4, electrocoupling by the light ‘Q_ 0
front quark models that incorporate the inner core and outer *Q [
meson-baryon (MB) cloud: =
von (VE) < -20

N7 loops MB cloud; running quark mass.
.G .Aznauryan, V.D. Burkert, Phys. Rev. C85, 055202 (2012).

No loops for MB cloud; frozen constituent quark mass.
-------- I.T. Obukhovsky, et al., Phys. Rev. D89, 014032 (2014).

100 |

80 |
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Successful description of the N(1440)1/2* quark
core from the QCD Lagrangian has been achieved
for the first time with the framework of DSEQCD!

The structure of N(1440)1/2* resonance is determined by complex interplay between inner
core of three dressed quarks in the first radial excitation and external meson-baryon cloud.
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Interplay Between Quark Core and Meson-Baryon Cloud in the
Structure of Different Excited Nucleon States
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Almost direct access to:
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E. Santopinto and M. M. Giannini,
PRC 86, 065202 (2012).

« quarkcorefromthe dataon N(1520)3/2": prospectto exploredressed quark massfunction, qqG

vertex,and di-quark correlations;

* meson-baryoncloudfromthe dataon N(1675)5/2: shed lighton the transition from confined quarks
In inner coreto colorlessmesons and baryonsin N* exterior
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CLAS12 N* Program

E12-09-003 E12-06-108A
Nucleon Resonance Studies with CLAS12 KY Electroproduction with CLAS12
Burkert, Mokeev, Stoler, Joo, Gothe, Cole Carman, Mokeev, Gothe

& Measure exclusive electroproduction cross sections from an unpolarized proton
target with polarized electron beam for Nxt, Nn, Nnw, KY:

E, =11 GeV, Q%2 =3 212 GeV?, W 2 3.0 GeV with the almost complete
coverage of the final state phase space

& Key Motivations:
Study the structure of all prominent N* states in the mass range up to 2.0 GeV
vs. Q2up to 12 GeV=2.

CLAS12 is the only facility foreseen in the world capable to map-out N* quark core under
almost negligible contributions from meson-baryon cloud

A unique opportunity to probe dressed quark mass function in the transition from
confinement to pQCD regime and to explore the nature of confinement and its emergence
from QCD from the results on transition N—N* form factors/electrocouplings

The experiments will start in the first year of running with the CLAS12 detector.
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N* Structure at High Photon Virtualities in Exploration of Strong Interaction

Resonance electrocouplings

Dressed quark mass function

C.D. Roberts, Prog. Part. Nucl. Phys. N(1680)5/2*
(2008) 50.
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Opportunityto probedressed quark mass functionin the transition
from quark-gluonconfinementto pQCD regimes for the first time.

Consistentresults on quark mass functionfrom electrocouplings of
differentresonances at Q%2 > 5 GeV?will prove reliable accessto this
fundamental quantity.

(available from CLAS and expected from CLAS12)

N(1440)1/2*+

D.J. Wilson et al., Phys. Rev C85 (2012) 045205
DSEQCD.

I.G. Aznauryan & V.D. Burkert, Phys. Rev. C85
(2012) 055202 LF QM.

A,,*1000 GeV '?

80

o

0 _7 + CLAS12 projected

A
-60 [
0
0

052 GeV? "

DSEQCD @ «rreeeeee constant quark mass.
(quark core

only)

Light Front running quark mass

Quark Model from DSEQCD.
(quark core & MBcloud)

Driving direction in the N* studies at 02>5.0 GeV?2included into the recommendations of the 2014
Town Meeting on QCD and Hadron physics forthe nextUS Long Range Plan, S.J. Brodsky etal.,

arXiv:1520.05728[hep-ph].
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Signature of the
hybrid-baryons:

Contact person:
\Volker D. Burkert

A Letter of Intent to the Jefferson Lab PAC43

(qaa)g

Search for Hybrid Baryons with CLAS12 in Hall B

Amnalisa D' Angelo,? Tlaria Balossino,'! Luca Barion,!' Marco Battaglieri,® Vincento Bellini,'? Volker Burkert *
Simon Capstick,” Daniel Carman,® Andrea Celentano,” G. Ciullo,"* Marco Contalbrigo,!! Volker Credé,”
Raffaella De Vita® E. Fanchini,® Gleh Fedotov,5 A. Filippi,"J Evgeny Golovach.% Ralf Gothe,”
Boris S. Ishkhanov,% ¥ Evgeny L. Isupov,® Valeri P. Koubarovski,! Lucilla Lanza,? P. Lenisa,'!
Francesco Mammoliti,'? Vietor Mokeev 28 A, Movsisyan, ' Mikhail (:l:~:i]1f:r1k{1,3 Luciano Pappalarde,'!
Mareo Ripuui,3 Allesando Rizzo.? Jan R}'{kﬂhlm:h,“ Tuliia Skorodumina, ™' Concetta Sutera '?
Adam Szezepaniak,® ! Mauro Taiuti,* M. Turisini,!' Maurizio Ungaro,* and Veronique Ziegler*
'INFN, Sezione di Roma Tor Vergata, 00133 Rome, Italy
“Universita® di Roma Tor Vergata, 00133 Rome Italy
"’INFNE ggfiom :drt' Gem:rrmNand ﬁpﬁrtﬂmnm d}Fi&;m, Kfnﬁmmii{r di Gt:':mm, 16146 Ge;irgla, Ttaly
tnas Jeffersone Natio aeelemtor Facility, Newport News, Virginia 29606, [ H H
. E“me State University, Tallahassee, .gomda 42306, ?’J’.‘S‘A gqqg-co nfi guration s hould
" Skobeltsyn Institute of Nueclear Physics, Lomonosov Moscow State Undversity, 119234 Moscow, Hussia H
" "'Um'ﬂn{'sﬂy af Sm;i;a Caroling, Columbia, South Camling 2;2&'}1’1', fﬁ‘i‘il be In {8}-CO|Or State

fGent University, Gend, Netherland
Y Indiana University, Nuclear Theary Center, Bloomington, Indiana ﬂ
"WINEN, Sezione di Torine, Torine, Italy
YINFN Fervara e Universitd di Ferram, Italy
YINFN, Sezione di Catania, Catania, ltaly
" Physics Department at Lomonosov Moscow State University, Leninskie Gory, Moscow 119991, Russia.
(Dated: May 17, 2015)

Recommendation:

The PAC encourages the preparation of a full proposal. However, we emphasize that the 11 GeV running
should be put forward as a Run Group Propesal, if it is indeed to mun in parallel with other approved
experiments. Further, the additional beam time at 6.6 and 8.8 GeV must be considered as a separate proposal
that may include other measurements that could be carried out with the additional beam time. Models for electrocoupling

extraction:
Ghent, JPAC, BnGa, JM

Flagship experiment for the studies of the N* Program with the CLAS12
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Conclusions

* High quality meson electroproduction data from CLAS allowed us to determine the
electrocouplings of most well-established resonances in mass range up to 1.8 GeV
from analyses of n*n, n°%, np and n*np electroproduction channels. Consistent electro-
coupling values obtained independently from Nn/Nzm exclusive channels demonstrated
reliable electrocoupling extraction and capabilities of the developed reaction models
to determine N*-parameters from independent analyses of Nr/Nnw exclusive electro-
production.

« To describe both the n*n-p photo- and electroproduction data demands including the
new baryon state N’(1720)3/2*. Successful description of these data with Q2-
independent hadronic decay widths to the A and pp final states of all contributing
resonances provides strong evidence for the existence of N’(1720)3/2* new baryon
State.

 Physics analyses of the CLAS results on resonance electrocouplings revealed the
structure of N*-states at Q2<5.0 GeV? as complex interplay between meson-baryon and
quark degrees of freedom.

« Successful description of elastic and transition form factors to different low-lying
resonances achieved at Q2>2.5 GeV? within the framework of DSEQCD demonstrated
promising opportunity to probe dressed quark mass function getting an access to the
essence of non-perturbative strong interaction and its emergence from QCD.

== —
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Qutlook

« After 12 GeV Upgrade CLAS12 will be only available facility worldwide capable of
obtaining electrocouplings of all prominent N* states at still unexplored ranges of low
photon virtualities down to 0.05 GeV? and highest photon virtialities ever achieved for

exclusive reactions from 5.0 GeV?2 to 12 GeV?2 from the measurements of exclusive
N, n*n-p, and KY electroproduction.

« The expected results will allow us:
a) search for hybrid baryons;
b) establish the existence of new baryon states based on the fits of photo-/
electroproduction data with Q?-independent N* hadronic parameters;

c) explore the emergence of meson-baryon cloud from quark-gluon confinement
and di-quark correlations;

d) access quark distribution amplitudes in N* states;
e) to probe the dressed quark mass function at the distance scales where the
transition from quark-gluon confinement to pQCD regime is expected, addressing

the most challenaing problems of the Standard Model on the nature of >98% of
hadron mass and quark-gluon confinement.

« Success of N* Program with the CLAS12 will be very beneficial for Jefferson Lab and
hadron physics community worldwide.

e V. Ve Van Van
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Relating y,NN* Electrocouplings to the first Principles of QCD within the Framework
of Light Cone Sum Rule (LCSR) & Lattice QCD (LQCD) Approaches

N(1535)1/2-

015~
0.10 -

0.05 - i

GeV1/2

0.00

4:2(Q%)

—005

Q2, Gev?

[.V. Anikin, V.M. Braun, N. Offen,
Phys.Rev.D92,014018 (2015)

The shape parameters of N(1535)1/2" leading twist
quark distribution amplitude (DA) @jj, njwerefit to

the CLAS electrocoupling data within LCSR, while
normalization parameters A fy- Were taken from the
LQCD evaluations at the central values

(V.M. Braun et al., Phys. Rev D89, 094511 (2014)).

Successfuldescription ofthe CLAS data
at Q>>2.0GeV?,where LCSRis applicable,
with normalization parametersfrom LQCD
demonstrates the approach potential of
relating y,NN* electrocouplingsto the first
principles of QCD

Method

A NN
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LCSR

0.633

0.027

0.36(>1)

-0.95(>1)

0.00(29)

0.94(71)

LQCD

0.633(43)

0.027(2)

0.28(12)

-0.86(10)

N./A.

N./A.
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See the talks by: V.M. Braun, Monday, October 12, 2.40 pm.
D.G. Richards, Thursday, October 15, 9.20 am.
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Discussion on the Future Efforts on Interpretation of the Experimental Results on N*
Spectrum/Structure within LQCD

* Prospect for extension of LCSR for accessing quark DA of different excited proton
states.

» Prospect for LQCD evaluation of DA moments of different excited proton states.

» Possibility to compare N(1535)1/2- quark DA: a) fit to the electrocoupling data within
LCSR, b) derived employing LQCD b) derived employing DSEQCD. Can consistency of
these results prove understanding of non-perturbative strong interaction from the first
principles of QCD?

« Prospect for LQCD evaluation of resonance electrocouplings accounting for decays of
excited nucleon states and approaching physical pion mass.

» Possibilities for mutual comparison between LQCD and DSEQCD.

» Predictive power of the approaches based on the first principles of QCD:
a) hybrid baryon spectrum
b) hybrid baryon electrocouplings
c) electrocouplings and hadronic decays of “"missing” N*

e V. Ve Van Van
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Extension of the CLAS n*np Electroproduction Data
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Fully inteqrated nt*ntp electroproductioncross
sections off protons

 Nine 1-fold differential cross sections are

available Ineach bin of W and Q?shown in

the plots.

« Resonancestructuresareclearly seenat

W ~1.5GeVand ~1.7 GeV at 0.4< Q%< 5.0 GeV?

(redlines).

Analysis objectives:
« Extractionofy,/NN* electrocouplings and =wA,
pp decay widths for most N*s in massrangeup
to 2.0 GeVand 0.4< Q%< 5.0 GeV? within the
framework of JIM-model.
« Explorationofthe signals from 3/2*(1720)
candidate-state (M.Ripaniet al., Phys.Rev. Lett
91,022002 (2003))with a goalto achievedecisive
conclusiononthe state existenceand structure.
« Firstresults on electrocouplingsof high-lying
(M\>1.6 GeV) orbital nucleon excitations and
high-lying parity partners.
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K*A Structure Functions claSs
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K+X0 Structure Functions cla3
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Signals from N*states in the CLAS KY electroproductiondata

D.Carman, private communication
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Charting Meson-Baryon Mechanisms of the JM Model
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« mA*™meson-baryon channel accounts for the major part of n*n-p electroproduction
cross section. Relative resonant contribution to m-A**channel increases with Q2.

)

27 direct production decreases substantially at W from 1.5to 1.7 GeV offering an
indication for sizable final hadronic interactions between the =wn*np final state and
others open meson-baryon channels.

* TmA, pp-amplitudes decomposed over PW’s of angular momenta J can be provided
from the data fit.

« The request for reaction theory: guidance for the development of analytical
continuation of A, pp-amplitudes allowing us to extract resonance electrocouplings

from residues at the resonance pole positions.
Y YV
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Resonant /Non-Resonant Contributions from the Fit of n*np
Electroproduction Cross Sections withinthe JM Model

W=1.51 GeV, Q?=0.38 GeV? W=1.51 GeV, Q2=0.43 GeV?
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Reliable isolation of the resonant cross sections is achieved
— full cross sections resonant part + non-resonant part

within the JM model
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Resonance Transitions withthe CLAS12

12 GeV experiment E12-09-003 will
extend access to electrocouplings for all
prominent N* states in the range up to
Q2=12GeV-2.

Resonance electrocouplings in
regime of quark core dominance can
be related to the running quark

masses and their dynamical structure. P.,(1440) A
11 1/2
0.35 | | C |
o 80 i ¥ Light front quark model:
0.30 |~ accessibie LOCD 1 6ok i |.G.Aznauryan, V.D. Burkert,
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Probe the transition from confinement to pQCD regimes, allowing us to explore how
confinement in baryons emerge from QCD and how >98 % of baryon masses are
generated non-perturbatively via dynamical chiral symmetry breaking.
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Development of the Reaction models with Explicit Implementation of Quark
Degrees of Freedom for Extraction of y,NN* Electrocouplings at 0°>5.0 GeV?

« Modeling oftheamplitudes otherthan photon-proton s-channelresonances for the exclusive
Nx, KY, A, and pp electroproduction at Q?up to 12 GeV?from minimal accessible W<2.0 GeV
to 3.0 GeV. Themodels should accountfor:

a) hard processesin terms of diagrams with factorized explicitquark degrees of freedom;
b) relevantsoftcontributionsin terms of meson-baryon deqrees of freedom.

* Adjustmentofthereaction model parametersto all measured with the CLAS observables at
Q%>3.0 GeV?

— Seethe talk by: P.Kroll, Thursday, October15,11.10 am.

The most urgent task for theory support of the upcoming experiments on the N*
-~ o . structure studies with CLAS12!
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The N* Structure at Low Photon Virtualities with CLAS12

Use of the CLAS12 forward tagger will make it possible to obtain the data on Nx, KY, N
electroproduction at 0.05 GeV? < Q2 < 1.0 GeV? of the best statistical and systematical
accuracy ever achieved.

An excellent opportunity to extend the approaches for amplitude extraction from the
photoproduction data to electroproduction at small Q2 and to determine N* parameters
under minimal model assumptions:

— See the talk by: A. Sarantsev, Tuesday, October 13, 11.50 am.
A. D’Angelo, Friday, October 16, 9.20 am.

New opportunities from the N* structure studies at low Q?2:

« Checkevidence for new N* states from exclusive photoproduction datain analyses of exc-
lusive photo-/electroproduction datacombined examining possibility to fit the datawith
Q?-independent N* hadronic parameters.

 Explorehow S, electrocouplings areapproaching the photon pointat Q2 aslow as 0.05 GeV?.

« Thestudiesof N* meson-baryondressing in details.

 Opportunities to probedi-quark correlations in N* states of differentquantum numbers.

o~
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Resonance Photocouplings from the Preliminary n*m-p Photoproduction Cross Sections

Resonance Ay, GeV12*%1000, Aspp, GeV12*1000
JM15/RPP12 JM15/RPP12
Fit of the CLAS data within the framework N(1650)1/2 6316
of the IM15: 5316
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(*)M. Dugger et al., Phys. Rev. C76, 025211 (2007).

Consistentresults on photocouplings of resonances with massesabove 1.6 GeV from analyses of Nt and
n*n’p channelsdemonstratereliable extraction of these fundamental quantities.
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