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

NccneooBaHnsa anekTpomMarHuTHblX popm paktopoB N* aBnaroTcs
€OUNHCTBEHHbIM NCTOYHMKOM MHOPpMaLMN O PasfINYHbIX MPOSBIEHNAX CUITBHOIO
B3aMMOOenNCcTBUs B HenepTypbaTtnsHom obnactn 6onbLlunx sennymH (~1.0)
beryLiero napameTpa KBapK-ritoOHHOro B3anMoaencTensa B popmMmpoBaHum
BO30YXOEHHbIX COCTOSAHUA HYKNOHOB C Pa3fINYHbIMU KBAHTOBbLIMU YMCNaMu

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, for =*n-p and KY
final states

A unique source of information on different manifestations of the non-

perturbative strong interaction in generating different excited nucleon states.
Review papers:

|.G. Aznauryan and V.D. Burkert, Prog. Part. Nucl. Phys. 67, 1 (2012).
V.D. Burkert, Few Body Syst. 57, 873 (2016).
C.D. Roberts, J. Phys. Conf. Ser. 706, 022003 (2016).
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Excited Nucleon States and Insight to Non-Perturbative Strong Interaction

Studies of N* spectrum/structure suggest that ground and
excited nucleon states consist of three dressed (constituent)
quarks bound by the quark exchange between the di-quark
pairs correlated through dressed gluon exchange

Emeraence of dressed quarks and qgluons
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Dynamical dressed quark mass:

Account for >98 % of hadron mass.

*Fully define the hadron spectrum and
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MNMpoueccbl CUNBHOro B3auMo4eUCTBUA 3fIeMeHTapHbIX KBapPKOB U FMIOOHOB ONMUCbIBaeMble
NarpanxuaHom KXl npuBogAT K ogeBaHUIO 35IEMEHTapPHOro KBapKa rrooHamMm N KBapk-
aHTUKBapPKOBbIMU Napamu (BepxHAs guarpamma). [MooHbl, B CBOKO o4vyepeab, Takke
oQeBaloTCA KBapK-aHTUKBAPKOBLIMU NapamMu 1 NeTnsasMu rioHOB BerneacTtemne
camogencTBeua rmrooHoB B KX (cpeaHsAs u HUXKXHAA anarpamMmbl). B pexxume 6onbLuoro
(~1.0) napameTpa KBapK-rrtoOHHON CBA3U, 3hpeKTbl oaeBaHUA fIeMEeHTapPHbIX KBAPKOB U
rIOOHOB NpPUBOAAT K hopMupoBaHnIo 3hPeKTUBHbLIX OO BHEKTOB - OAETbIX KBapKOB U
rMOOHOB COCTOALWMUX N3 OECKOHEYHOro 4YMcria 3N1eMeHTapHbIX KBapKOB U MITIOOHOB. JTU
O00BLEKTbl UMEKOT 3aBUCSLLYIO OT PaCCTOAHMA (NepeHOCUMOro MMnynbca) AMHaAMUYECKYHO
CTPYKTYpY, Maccy (CM. 3aBUCUMOCTb OT NepeHOCMMOro nMmnyrnbca 6erywen maccbl oaeToro
KBapKa Ha HWXXHeM NnpaBoOM pUC AJIA pa3fNIMYHbIX MaccC 3fileMeHTapHbIX (ronbix) KBapkoB). Ux
cBoucTtBa 1 achheKkTMBHbIE B3aUMOAEUCTBUA CNOXHbLIM 06pa3omM CBA3aHbl CO CBOMCTBaMU
3fieMeHTapHbIX KBapKOB U MHOOHOB U UX NepTypOaTUBHbLIM CUIbHbIM B3auMoAeNCcTBMEM
oTpaxeHHbIM B JlarpaHxunaHe KX[1. Heneptypb6aTtuBHble CUNbHbIE B3auUMOAeNCTBUA -
eANHCTBEHHbIe npouecchbl B npupoae Kotopble hopMupyroT achpeKTMBHbIC 00 BHEKTbI
oAeTble KBapKM U rMOOHbI CO CBONCTBaMU U 3(ppeKTUBHbIMM B3aNMOOENCTBUSIMMU,
KOPEeHHbIM 00pa3oM OTNUYaAKLWMMUCA OT CBOUCTB U B3aUMOAEUCTBUN 3NeMEeHTapHbIX
nosneun KkBapkoB/rnooHoB B JlarpanxunaHe KX[1. OnucaHme HenepTypOaTUBHbLIX CUSIbHbIX
B3aumMmoaeucTBusa Ha ocHoBe JlarpaHxunaHa KX[1 octaeTcsa nocneaHen HemccnengoBaHHOMN
yactblo CtaHgapTtHon Mogenu, Bknro4vasa aBe hyHAaMeHTaNnbHbIX HepeLeHHbIX NpobneMbl:
MexaHu3Mbl popmupoBaHus > 98 % mMaccbl agpoOHOB M NpUpoaa KBapK-rMOOHHOHOIO
KoOHphanHMeHTa, KOTopble CBsAI3aHbl MeXAay CoboMn.
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Pe3ynbTaTbl 3KCNEPUMEHTOB MO U3YYEHUIO CNEeKTPa U B OCOOEHHOCTU 3NIeKTOMarHUTHUX
cdopm chakTopoB (amMNNUTyA INEKTPOBO3OYKAEeHUA) obecneuynBaroT MHopmauuro
Heob6xoauMYIO ANA MPOBEPKU TEOPUU CUSbHBLIX B3aMMOAEUCTBUN B HenepTypOaTUBHOM
obnacTtu B cpaBHeHUU ¢ aKcnepumeHToM. OOMeH ogeTbIM rIIOOHOM MeXAay ABYMSA o4eTbIMU
KBapKamMu (BepXHUM npaBbi pUC. )AOITMKEH NPUBOAUTDL K KBapPK-KBApPKOBbLIM KOppensauuam
cdopmMmupyrowMm au-KBapK onpeaeneHHoro cnuHa u yetHoctu. NMocneayrowmm oomMeH ogHNM
U3 ABYX KBApKOB AMU-KBapKa C TPETbUM HECKOpPpENMpPOBaHHbLIM KBapKom chopmupyeT
CBsi3aHHOEe COCTOsIHUe B CUCTEME M3 TpeX oAeTbIX KBapKoB. Takmm obpasom chopmupyrotca
OCHOBHOE U BO30YyXAeHHble COCTOAHUA HYKIOHa. [T0o3ToOMy n3yyeHne cnekTpa u CTPYKTypbl
OCHOBHOIO U BO30YXXAEHHbIX COCTOSAHUU HYKITOHa obecne4ynBaeT A4OCTYN K AUHaAMUKe
MeXaHU3MOB HenepTypOaTUBHbLIX CUSIbHbIX B3aUMOAENCTBUA OTBETCTBEHHbIX 3a
cdopmupoBaHue N*. JkcnepumMmeHTarnbHble pe3ynbTaTbl MO 3NIeKTPOMArHUTHbIM hopMm
cdhakTopam HyKINIOHa U aMmnNNUTyaam anekTpoBo36yxaeHnsa N*obecneumBaloT 4OCTYnN K
3aBMCUMOCTU MacCbl OOeTOro KBapka oT BeJIMYMHbI NEePEeHOCUMOro KBapkomM UMNynbceca, T.H.
MaccoBas (hyHKUMSA ogeToro KBapka (HWXKHUM npaBbin puc.) . MaccoBas hyHKUMA ogeToro
KBapKa uMmeeT Krro4yeBoe 3HaYeHue B (pusnke CUrbHbIX B3aUMO4eUCTBUN B
HenepTtypbaTnBHOM obnacTtu. Bo-nepBbiX, OHa onucbiBaeT chopmupoBaHue >98 % macchbl
HYKJTOHa U ero Bo30yXXAeHHbIX COCTOSAHUM B npoueccax oaeBaHusa ronoro KX kBapka
rrnooHamun (BepxHss rieBasi aoMarpamMma) oTBeTCTBEHHbIX 3a AUHaAMMUYeCKoe HapyLieHue
knpanbHon cummeTpumn KXI1. Macca opetoro kBapka ~300MaB dopmupyetcsa B aTux
npoueccax gaxe B KMpanbHOM npeaerne 6e3maccoBOro ronoro KkBapka (KpacHas fiuHus Ha
HWXXHEM NnpaBoM puUc). ATO NogYEepPKMBaAET CYLLeCTBEHHO HenepTypbaTuBHbLIN XapaKkTep
MexaHu3MoB (hopMunpoBaHMA MacChbl aiPOHOB, T.KWU. B JIlOOOM nopsiake Teopumn
BO3MYLLUEHUN ,NpPn HYJIEBOW Macce rosioro KBapka, Macca oieToro KkKBapka octaeTcs paBHOM
Hymnto. NMoka3zaHHbIU KUpanbHbIX Npeaen okasbiBaeCcTs BeCbMa G5IM3KMM K 3aBUCUMOCTHU OT
UMnyJibca Macc fierkux oaeTbiX u- U d- KBapKoB C rosiomm maccamu B Heckornbko MaB
BXOAALMX/B €O0eTaB HYKITOHOB U UX BO30YXXAEHHbIX cocToAHUN N*.
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OTKkpbITbIn HegaBHO B CERN 6030H Xurrca orBevaeT 3a doopmMmupoBaHue Macchbl ronioro
KBapKa, KOTopas B criy4yae fierkux u- u d- KBapKoB NpeHedpeXxumo mana cpaBHUTENbHO
C Maccamu ofeTbiX KBapKkoB. BKrag Macc ronbix fierkMx KBapkoB B MacCbl afjpOHOB

<2 %. MexaHn3m Xurrca He B COCTOSSHUN OO BACHUTL hopMUpOBaHME JOMUHUPYHOLLEN
YyacTU MaccCbl aApOHOB, KOTOpPasA BO3HUKAET 3a CYET HenepTypbaTUBHbIX CUNBbHbIX
B3auMoOOeUCTBUU KBaApPKOB U rMIOOHOB. UccrnegoBaHua cnekTpa u CTpykTypbl N* gagyr
OTBET Ha Bonpoc o ToM Kak dopmupyetcs > 98% maccbl agpoHoB Bo BceneHHon. Bo-
BTOPbIX, MaccoBasi PyHKLUA KBapKa NoKa3biBaeT Kak KOH(pauHMEHT KBapKOB U rfl0OHOB
npu manbix <0.5 MB nMnynbcax KBapkoB BO3HUKaeT U3 pexunma neptypobarmsHon KX
Nnpyv NnepeHOCUMbIX KBapKOM uMnynbcax cBbiwe 2.0 '3B. NoaTtoMy gocTtyn K maccoBow
(pyHKUMA Nnerkmx u- u d-KBapKoB U3 AaHHbLIX MO CMEeKTPYy MU cTpykType N* aBnsaetcs
OAHOM U3 Hauboree aKkTyanbHbIX HEpPEeLWeHHbIX 3aaa4y B uccnepoBaHnsax CtaHgapTHOM
Mopenu cpbyHaameHTanbHbIX npoueccoB lNMpupoAabl.
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Mapping —out Quark Mass Function

i - ' : - - ' U I.C.Cloét, C.D.Roberts, AW.Thomas,
0d T Phys. Rev. Lett. 111, 101803 (2013).
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= elastic form factors are sensitive to momentum
il dependence of quark mass function.
", *mass function should be the same for dressed
quarks in the ground and excited nucleon states.
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L 08 e 10 sconsistent results on dressed quark mass function
5 06 L determined from the data on elastic form factors and
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. _ a credible access to these quantities.
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Studies of elastic and transition N—N* form factors (y NN* electrocouplings) represents the central
direction in the exploration of strong interaction in non-perturbative regime.

NMepBoHavyanbHasa nHopmauuna o maccoBomn (PyHKLMU OOETOro KBapka MOXeT ObITb Nosiy4yeHa U3
AaHHbIX MO 3NeKTPOMarHNTHbIM popm dpakTopam HykrnoHa. CoBMeCTHbIW aHanu3 pe3ynbTaToB MO
3NEeKTPOMarHUTHbIM hopM chakTopamM HYKIIOHOB U aMNIUTYA 3NIeKTPOBO30YXAEHUSA... ABNAETCS
Heobxo4uMbIM ANA NPOBEPKN HaAEXHOCTM AOCTYNa K MaccoBOM hyHKLMKU oAeToro KBapka.
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Extraction of y NN* Electrocouplings from the Exclusive Meson
Electroproduction off Nucleons

Resonant amplitudes Non-resonant amplitudes

T, N, T, KY,...

*
N* ]

Nl

N

‘Real A;,(Q%), A;;,(Q?), S,,5(Q?) Definition of N* photo-/electrocouplings
or employed in the CLAS data analyses:
G,(Q?), G,(Q?), G;3(Q?)

or 2
q 2M > 2 .
o 2 2 2 _ Iy N I', stands for N* electro-
GM(Q ), GE(Q ) GC(Q ) L, 7 2J.+DM .. MA”Z‘ * ‘AM‘ ] n’?agnetic decay widths at the

photon point (Q?=0) and

I.G. Aznauryan and V.D. Burkert, W=M,. on the real energy axis.

Prog. Part. Nucl. Phys. 67, 1 (2012).

Consistent results on gvNN* electrocouplings from different meson electroproduction channels and
different analysis approaches demonstrate reliable extraction of these quantities.

Tpu amnnutyabl A, ,, A;,, S,, NOKasaHHble B BEpXHEN CTPOUYKe paMKu crieBa NosIHOCTLIO onpeAaensitoT
anekTpoBo3byxaeHne N* BuptyanbHymu cpoToHamMu, BKnio4Yas ase amnnutyabl A, ,, A;, Ansa ¢poTtoHoB
C nonepe4yHou u oaHy AnA ¢poToHa C NPoAosfIbHOM nonApusauuaMmn. ATM amnNnIMTyabl O4QHO3HAYHO
onpeaerneHbl Yepes3 CBA3b C MOAENIbHO HE3aBUCUMOMN U U3MepasieMOn LUMPUHON INEKTPOMarHMTHOro
pacnapa pe3oHaHca Fy(cbopmyna Ha cnanae)

VeV Ve Vs
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Summary of the Published CLAS Data on Exclusive Meson
Electroproduction off Protons in N* Excitation Region

Hadronic final Covered Covered Q2- 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/dQ
1.1-1.7 1.7-4.5 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, A AA,,
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+>0 thresh-2.6 1.40-3.90 do/dQ
0.70-5.40 P’
n*n'p 1.3-1.6 0.2-0.6 Nine 1-fold
1.4-2.1 0.5-1.5 differential cross
sections

* do/dQ-CM angular
distributions

* A, A, Api-longitudinal
beam, target, and
beam-target asym-
metries

« PO, P’ —recoil and
transferred polarization
of strange baryon

Almost full coverage
of the final hadron
phase space in

7N, t*np, np, KY
electroproduction

The measured with the CLAS observables of exclusive electroproduction for all listed final states
are stored in the CLAS Physics Data Base http://clas.sinp.msu.ru/cqi-bin/jlab/db.cgi.

VYl T
S = f} .. |
(‘(/ff{ff"““” EZM’ V.1.Mokeev, NPQCD 2016 17-21 October 2016, Sevilla. Spain




UccnenoBaHus npoueccoB anekTpoBo30yxaeHMsa N* Bo BceX 3KCKMHO3UBHbIX
KaHanax 3/1IeKTpopoXaeHNst Me30HOB B Pe30HaAHCHOW 061acTU CTarno BO3MOXHbIM B
aKkcnepumMeHTax Ha getektope CLAS , roe Obina nony4YyeHa AOMUHUPYIOLWAA YacTb
pe3ynbTaToB Mo peakuUAM 3KCKITHO3UBHOIO 3J1IeKTPOPOXKAEHUS Me30HOB Ha
HYKINOHax.
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Approaches for Extraction of y NN* Electrocouplings from the CLAS Exclusive Meson
Electroproduction Data

« Analyses of different pion electroproduction channels independently:
> 7w*n and n%p channels:
Unitary Isobar Model (UIM) and Fixed-t Dispersion Relations (DR)
I.G. Aznauryan, Phys. Rev. C67, 015209 (2003).
I.G. Aznauryan et al., CLAS Coll., Phys Rev. C80, 055203 (2009).
I.G. Aznauryan et al., CLAS Coll., Phys. Rev. C91, 045203 (2015).
Reggeized background employing DR & Finite Energy Sum Rules: under development by JPAC
» np channel:
Extension of UIM and DR
I.G. Aznauryan, Phys. Rev. C68, 065204 (2003).
Data fit at W<1.6 GeV, assuming N(1535)1/2- dominance
H. Denizli et al., CLAS Coll., Phys. Rev. C76, 015204 (2007).
» 7*np channel:
Data driven JLAB-MSU meson-baryon model (JM)

V.l. Mokeev, V.D. Burkert et al., Phys. Rev. C80, 045212 (2009).
V.l. Mokeev et al., CLAS Coll., Phys. Rev. C86, 035203 (2012).
V.l. Mokeev, V.D. Burkert et al., Phys. Rev. C93, 054016 (2016).

B, Veneziano model for 3-body background: under development by JPAC

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

T.-S. H. Lee, AIP Conf. Proc. 1560, 413 (2013).
H. Kamano et al., Phys. Rev. C88, 035209 (2013).

rFv.VY. V.Y

S = f} .. |
(\(/f#f""”’“” %“[’ V.1.Mokeev, NPQCD 2016 17-21 October 2016, Sevilla. Spain 11



Ana nasne4vyeHus amnnuTya anekTpoBo36yxaeHna N* ns ceyeHum u
nonsipusauuoOHHbIX aCUMMETPUN pPeaKLiMN IKCKIMHO3MBHOIO 3NIEKTPOPOXKAEHNA ME3OHOB
Ha NpoTOHax ObINU pa3BUTbLI Kak noaxoAbl Ans usBne4vyeHusa napametpos N* us
He3aBUMCUMOro aHanu3a pasfiuiyHbIX 3KCKIO3MBHbIX KaHanoB, Tak U U3 COBMECTHOro
aHanusa gaHHbIX BCeX KaHanoB B paMKaxX MHOroKkaHasibHbIX Moaenen peakuum
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N*/A* Spectrum in 2016 from Multi-Channel
Photoproduction Data Analysis

new/upgraded I (] é.(;qﬁ)nisovich et al., Eur. Phys.J A50, 129
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Multi-channel analysis of photoproduction data revealed several new baryon states with
the biggest impact from the CLAS KY photoproduction data.

Future efforts: extension of the amplitude analysis methods successfully employed in the
photoproduction for exclusive meson electroproduction in N*-region




Fpynnown BoHH-TaTYMHaA ObIN pa3BUT noaxoa AN COBMECTHOro aHanusa AaHHbIX
peakuun Bcex KaHaroB 3KCKIMHO3UBHOro ooTopoXXaeHus Me3OHOB Ha HYKInoOHax.
Ucnonb3oBaHue 3Toro nogxoaa AnAa rnodanbHOro aHanusa BCeX MUMEKLWUXCA AaHHbIX
peakuuin 3KCKITH3UBHOIo hoTopoXXaeHMA Me30HOB Ha NPOTOHaX BbIABMIO cUrHanol 9
HOBbIX DAPUOHHbIX COCTOSAHUM NMOKa3aHHbIX paMKaMu 3efieHoro useta. CurHanbl oT
HOBbIX BO30YXAEHHbIX COCTOAHMUAX ObINIU NOJSy4YeHbl B OCHOBHOM M3 AaHHbIX CLAS no
peakuusam 3KCKN3uBHoro poropoxaeHmna KY Ha npoToHax.
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Summary of the Results on y,pN* Electrocouplings from CLAS

Exclusive meson Excited proton Q2-ranges for extracted
electroproduction states v/,NN* electrocouplings,
channels GeV?
m%p, m*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-
*n 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:, 0.5-1.5
N(1680)5/2*, A(1700)3/2-,
N(1720)3/2*, N’(1720)3/2*

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

The CLAS results on y,pN* electrocouplings for the excited states in mass range up
to 1.8 GeV were interpolated/extrapolated in Q2-range up to 5.0 GeV2. The Fortran
code for computation of y,pN* electrocoupling values is available in:
userweb.jlab.org/~isupov/couplings/.
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Interpolation/Extrapolation of the CLAS Results on y, pN* electrocpouplings
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Co3paHa nporpamMmma ocyuwecTBnsilOWan MHTePNoNALMIO/3KCTPanonauuio aMmninTyn
anekTpoBo36yxaeHua N*. [porpamma no3BonsieT HaA OCHOBE U3BJIeYeHHbIX U3 AaHHbIX CLAS
aMnNnuTya 3NeKTPoBO30YXAEHUA Pe30HAHCOB NOJNYYUTb OLEHKY UX BeNMMYMH ana 6onbwmHcTBa N* B
obnactu macc go 1.8 'sB u B o6nactu BuptyanbHocTten ¢potoHa o 5.0 N3B2.
https: lluserweb4l~ab-orgl~mokeevlresonance electrocouplings/
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Roper resonance in 2002 & 2016
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V. D. Burkert, Baryons 2016

Reliable results on N(1440)1/2* electrocouplings have become available in the recent decade from
independg_rklt;\r;g\h!_s\egof Nn and n*np photo-/electroproduction off protons measured with CLAS.
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v.PN* Electrocouplings from Nrn, n*n"p, and np Electroproduction

H Denizli et al., Phys. Rev. C76,
015204 (2007).

I.G. Aznauryan et al., Phys. Rev.
C80, 055203 (2009).

V.l. Mokeev et al., Phys. Rev .
C86, 035203 (2012).

K. Park et al., Phys. Rev. C91,
052014 (2015).

V.l. Mokeev et al., Phys. Rev .
C93, 054016 (2016).
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Consistent values of resonance electrocouplings from analyses of Nn/ n*n"p and N7/Nn
electroproduction off protons demonstrate the capabilities of the developed reaction
models to obtain resonance electrocouplings in independent analyses of these

exclusive channels.

Published in the recent edition of the PDG , Chin. Phys. C40, 100001 (2016).
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Exploring the Hadron Mass Generation from N* Electroexcitation

N—>A(1232)3/2* magnetic from factor

. Jones-Scadron convention 0.4 M(p), GeV
Dyson-Schwinger
Equations Quark core +
(ﬁ)_: ® dominance 0.3 N(1440)1I2
J. Segovia et al., 1 T
Phys .Rev. Lett. 115, .
171801 (20_15)' Substantial
* J. Segovia et al,, contributions
Few Body Syst. 55, N from meson- 0.1
1185 (2014). 4 baryon cloud
=
010 -1 | quark mass: 0.5 1.0 1.5 2.0 2.5 3L
frozen p, GeV
running Common dressed quark mass function employed
for description of elastic, N—A G,, form factors
and N(1440)1/2* electrocouplings
-2
10 S ] —
10 1 10
Q° GeV?

Good data description at Q2>2.0 GeV? achieved with the same dressed quark mass function for the
ground and excited nucleon states of distinctively different structure provides strong evidence for:
the relevance of dressed quarks with dynamically generated mass and structure;

saccess to quark mass function from the data on elastic and N—N* transition form factors.

One of the most important achievement in hadron physics of the last decade obtained
in synergistic efforts between experimentalists and theorists.
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MNMony4yeHHble B 3KcnepumMmeHTax Ha agetektope CLAS pe3ynbTaTtbhl N0 aMnauTyaam
3NEeKTPOBO30YXXAEHNA HU3KONEeXalmMX HYKNOHHbIX Pe30HAaHCOB OKa3anu 3HauuTesibHoe BNMsAHUEe Ha
pa3BuUTUE TEOPUN CTPYKTYPbl aAPOHOB U BriepBble o6ecneynnun NpoBepKy TeopeTuyecKoro
onucaHusi AMHaAMUKN CUNbHbIX B3aMMoAenCcTBUM B HenepTtypb6aTtuBHon obnactu. Bnepsblie
AOCTUIHYTO XOopoluee onMcaHme amnnnTyn anektpoBo3oyxaeHna A(1232)3/2+ wn
N(1440)1/2+pe3oHaHcoB npu Q?>2.0 GeV? Ha ocHoBe (hyHAaMeHTanbHOro narpaHxxuaHa KXl s
pamMmkax metoaa ypaBHeHun [lancoHa-LLIBuHrepa passutoro teopetnyeckon rpynnoun. Argonne
National Lab (ANL). Ha cnange npuBeaeHo cpaBHeHue AaHHbIX. CLAS no MarHUTHOMY
nepexogHomy cdopm caktopy N—A(1232)3/2+ ¢ pesynbTatamm ero onucaHms B pamkax DSE
noaxopa. Pe3ynbTaTbl NonyyeHbl ANs: a) yNnpoweHHOW napamMeTpusaumm (q-B3ammMmoaencTBus Kak
KOHTaKTHOro B3ammoaencTBus u 6) peannctuyeckoro (qg-s3ammoaenucTBmMs coBnagaroLero ¢
pe3ynbTatamMm nosiy4eHHbIMU U3 peLlueHnn ypaBHeHun [lancoHa-LLIBMHrepa ana rnOOHHHbIX
nponaraTtopoB U oAeTbIX KBapaK-rMiOOHHbIX BepLWUH ucnosnb3ys narpaHxuaH KXI. KoHTakTHoe
B3aMmoaencTBue, HeCMOTpPSA Ha MoAeribHble YNPOoLWeHUsi, BOCNPOM3BOAUT ANHAMUNYECKYHO
reHepaumio macc rnerkmx ogetbix kBapkoB ~300 MaB, Ho npu 3TOM Macca ogeToro KBapka He
3aBUCUT OT UMMNYJbCa NepeHOCUMOro KBapkom. B criyyae peanuctuyeckoro qg-B3ammoaencTBUs,
Macca o4eToro KBapka 3aBUCUT OT uMmnynbca (npaBbin puc cnanpa). PaccuntaHHible B pamkax DSE
Q2-aBonouns MmarHuTHOro chopm chaktopa nokasaHa Ha NeBOM pUC cnanaa AnAa AByX BapuaHToOB
qq-B3ammopencteus. Habnopgaercs 3HauMTenbHoe U Bo3pacTtawwee ¢ Q2 pacxoxgeHue mexay
pesynbTatamMu akcnepumeHTta 1 DSE ansa He 3aBucsilen oT nepeHoCUMOro nMnyribca Macchbl
ofleToro KBapka (KpacHasi NyHKTMpHasa nuHus). B Toxe Bpemsi, pe3yrnibTaTbl XOPOLLO ONMUCbLIBAKOT
AaHHble npu Q2> 1.8 GeV? B cnyvyae peanucTUyecKoro (g-B3aMmogencTBus C Maccoun ogeToro
KBapkKa 3aBUCsILLIEM OT UMNynbca. Takum o6pa3om, aKCnepuMeHTasribHble pe3yfibTaThbl AeTeKTopa.
CLAS no N—A marHutHomy cdopm hakTopy BnepBblie noaTsepannun dyHaamMmeHTarnbHble OXXUaaHus
TEOPUN CUNBbHbLIX B3aMMOAEeNCTBUM B HenepTypb6aTtMBHOM 06nacTu o 3aBUCMMOCTU Macchbl o4eToro
KBapKa OT MMmnynbca.
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Exploring the Hadron Mass Generation from N* Electroexcitation

N—>A(1232)3/2* magnetic from factor

. Jones-Scadron convention 100
Dyson-Schwinger i
Equations Quark core [
80 *
(DSE): P dominance [ N(1440)1/2
*J. Segovia et al., 1 T 60 [
Phys .Rev. Lett. 115, S [
171801 (2015). Substantial ~ 40
+ J. Segovia et al., contributions ()
Few Body Syst. 55, R from meson- O 2}
1185 (2014). o baryon cloud S [
- [
010 Tl quark mass: *\C—)l 0 [
frozen g
______ < -20
running 40
-60
-2 1 L 1
10 b e 2 ,
10 1 10 GeV
0 Bev? Q™ ( )

Good data description at Q2>2.0 GeV? achieved with the same dressed quark mass function for the
ground and excited nucleon states of distinctively different structure provides strong evidence for:
the relevance of dressed quarks with dynamically generated mass and structure;

saccess to quark mass function from the data on elastic and N—N* transition form factors.

One of the most important achievement in hadron physics of the last decade obtained
in synergistic efforts between experimentalists and theorists.
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DSE noaxopa pa3sutbiv rpynnom ANL no3Bonun xopowo onucaTtb AaHHble no
amnnutyaam anektpoBo3oyxaeHusa (1440)1/2+ pesoHaHca (cM. npaBbIA pUC) Npu

Q2 > 2.0 GeV? . Xopoluee onMcaHue AaHHbIX. MO aMNUTyAaM 3NIeKTPOBO30YyXAeHuUs
N(1440)1/2+ QOCTUrHYTO C TOM XXe camMon maccoBou pyHKLMEN Oo4eTOoro KBapka, Kotopas
ucnosib3oBariacb paHee Al yCrewHoro onucaHua gaHHbIX No ynpyrum copm chakropam
HYKITOHa 1 nepexoaHbix dopm daktopoB N—A npu Q2>0.8 GeV? . Xopoliee onucaHue
ynpyrux coopm chaktopoB n amnnutya anekTpoBo3oyxaeHunsa A n N(1440)1/2+ pesoHaHcoB
C COBEpLUEHHO pa3HON CTPYKTYpPON CBUAETENbCTBYET O TOM, YTO 3(p(hpeKTUBHbLIN OO BEKT
cchpopMnpoBaHHbIN CUSTbHLIMU B3aUMOAEUCTBUAMU B HenepTypobaTuBHOMN obnacTu -
ofleTbIN KBapK - C AMHAMUYECKMMMN MacCoOU U CTPYKTYPOU, onucbiBaeMbin Ha ocHoBe KX/ B
pamkax DSE, asnsietca coyHaameHTanbHOU COCTaBAAKOLWEN CTPYKTYPbl KBapKOBOIro Kopa
OCHOBHOIO 1 BO30YyXXAEeHHbIX COCTOSAHMU HYKNoHa. CoBnagarowue pesynbTaTthl MO
MaccoBOM (hyHKLMM OAETOro KBapKa nosily4eHHble U3 He3aBUCUMOro aHarnusa yrnpyrux
dopm chakTopoB M aMNNUTYA 3NEKTPOBO3OYXAEeHMA pa3nuyHbIX. N* BnepBble
NpPoAEeMOHCTPUPOBariu BO3MOXXHOCTb HafleXXHOro AocTyrna K MaccoBou pyHKLUUN oaeToro
KBapKa U3 COBMECTHOIro aHanu3a ynpyrmx asieKtToMmarHUTHbIX opmM hakTopoB HYKIoHa 1
aMnNNnUTyA 3NeKTPOoBO30YXAEHUA HYKITOHHbIX Pe30HaHCOB.
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Di-quark vs Uncorrelated Quark Contributions from the DSE Analysis of

the CLAS Results

N(1440)1/2*
di-quark transitions |
0*—0*

-
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0.0f .
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J. Segovia and C.D. Roberts, arXiv:1607.04405

[nucl-th], accepted by Rapid Com in Phys.
Rev.

full DSE result

Contributions from:

Uncorrelated 3™ quark

Uncorrelated quark from
di-quark dissociation
transitions between di-quarks Jp—Jp’

the biggest contribution from uncorrelated quark
sub leading contribution from di-quark correlations

BbinonHeHHble B NocriegHee BpeMA UccrieoBaHMA NO3BOJSIUIIM YCTAaHOBUTL BKIaAbl B NnepexoaHble
anekTpomarHuTtHble hopm haktopbl N—A n N—N(1440)1/2+ oT HeKoppenMpoBaHHbIX KBApPKOB U
CKOppenupoBaHHbIX KBapKOBbLIX Nap T.H. AU-KBAPKOB C Pa3fiMyHbIMM CMHaMu u YeTHocTaMu J°.
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Extensions in the Studies of Uncorrelated Quark vs di-Quark
Contributions to the Resonance Structure

« Extension in the studies of di-quark correlation vs uncorrelated quark
contributions to A(1232)3/2* and N(1440)1/2* electroexcitation (slide #13)
towards high Q2 up to 12 GeV?2 for analysis of the future results with the
CLAS12. Could we approach the distances where the contributions from di-
quarks will be negligible with 11 GeV electron beam?

« Evaluation of the (uncorrelated quark)/di-quark contributions to the e.m. form
factors/electrocouplings for the orbital excited resonances (L=1) in the
second and third resonance region. Access to pseudoscalar and vector di-
quark correlations. How quark/di-quark contributions evolve with N* quantum
numbers?
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Evidence for Interplay between Meson-Baryon Cloud and Quark Core

I.T. Obukhovsky et al., Phys. Rev. D89,

R 3001_4032 (2012). -o N(1440)1/2" 4,,
- - ® e
'% 60 [~ ™_@ | LCQaM+No \
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7 - o | :
S 20F ® =r
E 0F of
20 F 0
40 | ol
-60 N _“I
- | | | [

-80 rl- | | | | | | | | | | | | | | | | | _m-l |

0 1 2 3 4 b e
Q’ (GeV?) Q’ (GeV)

Accounting for the contributions from Noc loops
and quark core combined allows us to describe
the data at Q?<1.0 GeV?

LF RQM: I.G. Aznauryan and V.D. Burkert, arXiv:1603.06692

The mechanisms of the MB-cloud contribution can be obtained by
meson-baryon dressing subtracting the DSE estimates for quark core
from the experimental results on resonance
electrocouplings
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Meson-Baryon Cloud and Quark Core Interplay for Different Resonances

sl N(1520)32° A, i N(1675)5/2° A,
L 20 .

20 ; I
- MB contributions
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. W g
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: — LFRQM . : s RPP —
100 [~ m CLAS 5|
! [ m CLAS oo MB
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0 1 2 3 4 5 5 0 0.5 1 15 2 25 3 35 4 45
Q" (Gev?) Q*(Gev?d)
Prospect for direct access to quark core Prospect for direct access to MB-cloud

* The structure of resonances is determined by a complex interplay between inner core of three
dressed quarks and external meson-baryon cloud.

+ MB-cloud dominance is suggestive for the pronounced DCSB effect in the generation of
N(1675)5/2- resonance
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CTpyKkTypa BCcex BO30OyXAEeHHbIX COCTOSAHMU HYKITOHA UCCrieAoBaHHbIX Ha
netektope. CLAS npu Q2< 5.0 GeV? onucbiBaeTcsi COBMECTHbIM BKI1aAoM
BHYTPEHHEro Kopa Tpex ogeTbiX KBAapKOB U BHELUHEero me3oH-6apmMoHHOro obnaka.
Xopoliee onncaHne KBapKOBOro Kopa AocTurHytoe B pamkax DSE u3 narpaHxuaHa
KX BnepBble caenano BO3MOXHbIM MOSTYYUTb KONIMYECTBEHHY UHopMaLuio o
BKnage Me30oH-0apMOHHOro obnaka B aMmnnutyAbl 351eKTpoBo306yxaeHusa N* kak
pPa3sHOCTb MeXAay 3KCnepuMeHTanbHbIMM pe3ynbTaTtaMmm Mo 3TUM aMnuTygam um
pesynbtatamu DSE no Bknaay kBapkoBoro kopa. OTHocuTeribHble BKNnaabl
KBapKOBOro Kopa nu Me3oH-6apMoHHOro o6yiaka oKkasbiBalOTCA CYLECTBEHHO
pasnuyarlmMmMcs Ansa pe3oHaHCOoB C pas3fiI4HbIMU KBAaHTOBbIMU Yncrnamu. Ons
BCEX pe30HaHCOB BKnag Me3OoH-0apuoHHOro obrnaka makcumaneH npu Q2<1.0 GeV?
. OH yMeHbLaeTca ¢ poCcTOM BUPTYanbHOCTU (poTOHA. POTOH BbICOKOW
BUPTYaribHOCTU NMPOHUKAET Yepe3 BHeLHee Me30H-0apuoHHOoe 06n1aKko u
B3auMoaenCcTBYeT NpeumMyLLecTBEHHO C KBapKoBbIM KopoM.llepexoa K ooToHam
BbICOKUX BUpTyanbHocTten Q2>5.0 GeV? nosBonsieT uccrnenosaTb KBapKOBbIN KOP
pe30HaHCOB HaNPAMYI U3 AaHHbIX NO aMNNUTYyAaM 3NeKTpoBo3oyxaeHua N* c
npeHeopeXXxumo ManbIiMU BKIlagamMm OT Me30H-0apuUOHHOro obrnaka.
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Photocouplings of High Lying N* from the n*=np Photoproduction off Protons with CLAS

Nine differential cross sections at E.N Golovach, Mosc. State Univ. (MSU)
1.6<W<2.0 GeV in W-bins of 25 MeV width
W=1.74 GeV, Q°=0 GeV? Resonance A2, GeV-2*1000, A GeV-12*1000
5w | F F JM15/RPP14 JM15/RPP14
= £ 200 — 0 C
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2 Eo _ 100 \ 100 = 2 i' 53+16
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g ™ E A(1700)3/2: 87+19 8716
EREE 5§ 1 104115 8522
S 1w 10 ET00eé00¢
£ s s B A(1905)5/2* 1948 43417
S Rt 26+11 -45%20
0 0 0 200
O (ot pa-pry (40) A(1950)7/2+ -70%14 -118%20
Fit within the framework of the JM15 -76%x12 -97+10
| resonant contributions (*JM. Dugger et al., Phys. Rev. C76, 025211 (2007).

computed in JM15 cross sections selected in the data fit Resonances with dominant decays to the Nnn

Consistent results from independent analyses of Nt and n*n-p photoproduction off protons confirmed
reliable photocoupling extraction for the first time.

BnepBbie nonyy4eHbl pe3ynbTaTbl N0 amnnuTygam (ooToBo30YXAeHUS BbICOKONEXaLMX Pe30HAHCOB U3

peakuuin (poTopoXaeHUs T 1T nap Ha NPOTOHaX.
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Electrocouplings of the Excited States in the Third Resonance Region
from the CLAS =n*np Electroproduction Data

V.l. Mokeev and I.G. Aznauryan., Int. J. Mod. Phys. Conf. Ser. 26. 146080 (2014) V.l. Mokeev et al.,
= of v 20 o —PRC 93, 054016 (2016)
S S 10F o Ur
(] [ () b !
O100L O O0OF % 10F
g I A(1700)3/2- 8 1of S A(1620)1/2-
— = — F
* 3 * - - QS 1
St A1 2 g 20t w20 S1/2 I
< 60} <-30F , # o
20 # | i - '“ 30} ||
[ # -50 f ]
20 + L 60 b -40 F |
i - 5 I |
0OF -70 E -T
- : N(1720)3/2* o} |
PR IEURURTE IR U NAU U U S U S _80 Pl S PR R |
002040608 L 12 14 0 02 04 06 08 A L2 14
GeV G V 1 1 1 1 1 1
2 §126¢ 20406 08 1 12 14

Independent fits in different W-intervals:

green: 1.51<W<1.61 GeV red: 1.61<W<1.71 GeV black: 1.71<W<1.81 GeV

magenta: 1.56<W<1.66 GeV blue: 1.66<W<1.76 GeV
The n*np electroproduction is the major source of the information on electrocouplings of the A(1620)1/2,
A(1700)3/2-, and N(1720)3/2* resonances which decay preferentially to the N=x final states.

Peakuuu anekTpopoXxaeHust T 1T nap Ha NPOTOHaX ABMNAKTCA OCHOBHbLIM UCTOYHUKOM MH(OpMauum o6
amMnnuTyaax 3fieKTpoBo30yxaeHus Bbicokonexawmx N* MHorme us Kotopbix pacrnagaroTcsi B OCHOBHOM
Ha KoHeuYHble cocTosiHuA N1r1Tr . Ha getektope CLAS BnepBble nonyyeHbl AaHHbIE MO aMNNUTyAam
3NeKTPOBO30YyXXAEHNA pe30HaHCOB NMoKa3saHHbIX Ha crange, KoTopble pacnagarTcs NPeMMyLLeCTBEHHO
Ha KOHeYHble COCTOAHUSA NTTTT U3 peakuMm aNeKTPopoXAeHUsa T 1T nap Ha npoToHe. [poBeaeH
He3aBUCUMbIN aHanNu3 AaHHbIX B pa3nu4Hux uHtepsanax no W rae Hepe3oHaHCHbIe amnnutyae
pasnunyHbl, B TO BpeMsl Kak aMnnuTyabl anekTpoBo3oyxaeHA N* AOMKHbI ObITb OAUHAKNOBbLI.
CoBnarwwme pesynbTaTtbl N0 aMNAUTyAaM 3reKTpoBo3byxaeHusa N* n3 HezaBMCUMOro aHanusa
pa3nuyHbix W-uHTepBanaB noATBepXAaloT HAAEXKHOCTb U3BJIEYEHHbIX aMMNNUTYA 3NEeKTPOBO30YyXXAeHUS
PEe30HaHCOBMm m ™ ™

Q% GeV?
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New CLAS Results on n%p electroproduction

Fully integrated cross sections N. Markov, K.Joo, UCONN
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Extension of the CLAS n*n'p Electroproduction Data at Q2<1.0 GeV?

1.30 GeV<W<1.80 GeV, 0.3 GeV2<Q?<1.0 GeV? gSYHeF,edOtov’ =

S Q? = 0.475 GeV* W = 1.6125 GeV
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Electrocouplings of all well established resonances in the mass range up to 1.8 GeV and at
0.3<Q2%<1.0 GeV? will be available from independent analyses of n’p and n*n-p channels .

Electrocouplings of the resonances with dominant Nnr decays will be obtained on the grid
over Q2 with the bin size of a factor of 6 smaller than in the previous studies.
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The CLAS =*n'p Electroproduction Data at High Photon Virtualities

E.L. Isupov, K. Hicks, MSU/Ohio Univ.

Fully integrated n*np electroproduction cross
sections off protons

1.40 GeV<W<2.00 GeV,

g10f 2.00 GeV?<Q?<5.0 GeV?
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Mass range where the signals from new baryon states were
reported, A.V. Anisovich et al., Eur. Phys. J. A48, 15 (2012).
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Expected Experimental Results on y,pN* Electrocouplings and
Request for the QCD-based Theory Support

* v,PN* electrocouplings of all prominent nucleon resonances in mass range M,.<2.0
GeV and at 0.3<Q2<5.0 GeV? will be determined from independent analyses of Nn, Nxr,
channels measured with the CLAS in the near term future.

* In addition, high mass resonance electro-couplings (M\*>1.6 GeV) will become
available from KY electroproduction.

+ DSE evaluations of the electrocouplings for the resonances of [70,1] SU,(6)-multiplet
with L=1 in order to address:
a) environmental sensitivity of the quark mass function to orbital excitations of
three dressed quarks;
b) complexity quark-gluon vertex dressing beyond the simplest
rainbow-ladder truncation
c) access to pseudoscalar and vector di-quark correlations.

 Shed light on DCSB and its evolution with distance from electrocouplings of chiral

partners:
A(1232)3/2*IA(1700)3/2-, N(1520)3/2/N(1720)3/2*, N(1675)5/2-/N(1680)5/2*
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N* at 0.05 GeV?2 < Q%2 < 7.0 GeV? with
the CLAS12

Hybrid Baryons Search for hybrid baryons (qqqg) focusing on 0.05 GeV?2 < Q2 <
PR12-16-010 2.0 GeV?in mass range from 1.8 to 3 GeV in KA, NtrtT, NTT
(A. D’Angelo, E.Golovach, B.Ishkhanov, E.Isupov V.Mokeev, et
al.,)
KY Study N* structure for states that couple to KY through
Electroproduction | measurements of cross sections and polarization observables
PR12-16-010A that will yield Q? evolution of electrocoupling amplitudes at
Q?<7.0 GeV? (D. Carman, E.Golovach, V.Mokeev, et al.,)

Approved by PAC44

Run Group conditions:
E, = 6.6 GeV, 50 days *Polarized electrons, unpolarized LH, target

e L =1x103>cmst

E, = 8.8 GeV, 50 days
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Hunting for Glue in Excited Baryons W|th CLAS12

states

The only way to establish the nature of a baryon
state as g3 or g3g is from the Q2 evolution of its
electroexcitation amplitude

Search for hybrid baryons with CLAS12 in

N* exclusive KY and n*rnp electroproduction
1+ 3+ 5+

=
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En

Predictions of the N* spectrum from
QCD show both regular g2 and
hybrid g3g states

b3 [=1
+

N(1440)1/2* S,,,

60

Black curves if state is a g3 N*

=20 |-

[0}
o
-
=
Qo
[=—] <E( 40 |,
= — c CLAS
U [————1 9 “‘.‘
— 20f E _
1.3GeV >
- g S
O -
15F =
l regular states 8
— m
ol N / =
hybrid states ©® e am A puw
O
(0p]

Red curve if state is a gq3g hybrid

0 1 2 3 4 5

JLab LQCD group results

Vo Ve Ve Vs Q2 (GeV?)

- )
.:;:_( S/t#c 18O %H{} V.l. Mokeev Radiative Corrections Workshop, May 16-19 2016, Newport News, VA, USA 36



CLAS12 N* Program at High Q2

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 Nz, Nn, Nzn, KY:

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

& Key Motivation

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

The experiments will start in the first year of running with the CLAS12 detector.
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Emergence of Hadron Mass and Quark-Gluon Confinement

N* electroexcitation studies with CLAS12 in Hall B at JLab will address the critical open
questions:

What is the essence of confinement, how is >98% of visible mass generated,?

I, Exploration of dressed quark from the data on
sl resonance electrocouplings
? N(1440)1/2*
8 ol S (
2 | A -
S wf (GeV-112) *1000 > 0. CLAS12 mass composition
E f o range <2% Higgs mechanism (HM)
s ., 7] >98% non-perturbative
T o} Tteees 2039 strong interaction
S x~ 5 4
E<J ol ® CLASI? projected E 8 g
g | S 02 ’g% ANL Theory Group result
S yo! L5
m 2 |5%
| ) o C
-60 |- q) E % ;
[ 5 0 2E approaching bare HM mass
w0l ‘ [/ ‘ €2
0 1 2 2 4 s 11 & [] 10 12 8 8

Q? (GeV?)
CLAS results versus QCD expectations with running quark mass

0.5 1.0 1.5 2.0 2.5 3.0

Quark Momentum, GeV
VYV T

=t i e
(‘C/f{é&"l‘“”’ Hul V.l.Mokeev, NPQCD 2016 17-21 October 2016, Sevilla. Spain 38



Conclusions and Outlook

* 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%p, np and =n*np electroproduction channels.

« Strong impact of the N* studies on the QCD-based hadron structure theory:
a) first DSE evaluations of A(1232)3/2+ and N(1440)1/2- electroexcitation amplitudes
starting from the QCD Lagrangian;
b) synergistic efforts between ANL Theory group and the Hall-B at JLAB conclusively
demonstrated the feasibility to explore dressed quark mass function from the
experimental results on elastic and transition N—>N* form factors.

* Electrocouplings of most resonances in the mass range up to 2.0 GeV will become
available at Q2<5.0 GeV? from independent analyses of the new CLAS data on Nr and
n*np electroproduction in the near term future.

 Future analyses the CLAS results on electrocouplings of orbital-excited resonances
within the QCD-based framework will provide new insight to non-perturbative strong
interaction dynamics addressing:
a) the environmental sensitivity of dressed quark mass function,
b) complexity of the dressed quark-gluon vertex and di-quark correlation,
c) shed light on the DCSB manifestation in the structure of chiral partner resonances,
d) emergence of MB-cloud from inner core of three confined quarks.
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Conclusions and Outlook

-After 12 GeV Upgrade, CLAS12 will be only available worldwide facility capable to
obtain electrocouplings of all prominent N* states at still unexplored ranges of low
photon virtualities down to 0.05 GeV? and highest photo virtialities ever achieved for
exclusive reactions from 5.0 GeV? to 12 GeV? from the measurements of exclusive
Nr,m+n°p, and KY electroproduction.

*The expected results will allow us:
a) search for hybrid-baryons and other new states of baryon matter;
b) fully explore the transition to quark-core dominance and emergence of MB-cloud;
c) to map out the dressed quark mass function at the distance scales where the
transition from quark-gluon confinement to pQCD regime is expected, addressing
the most challenging problems of the Standard Model on the nature of >98% of
hadron mass and quark-gluon confinement.

*Success of N* Program with the CLAS12 detector at Jefferson Lab will be very
beneficial for hadron physics community .
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