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Abstract. Exclusiven* s~ p photo- and electroproduction data from CLAS have conshigraxtended the
information on the spectrum and structure of nucleon restes The data from the'z~ p and Nz channels
have provided results on the electrocouplings of most i@soes in the mass region up to 1.8 GeV and at photon
virtualities up to 5.0 Ge¥. The recent CLAS data om" 7~ p photoproduction have improved knowledge on
the photocouplings of nucleon resonances in the mass rdrigé GeV< My- < 2.0 GeV and on their decays

to therA andpp final hadron states. Analyses of the combinéd™ p photo- and electroproduction data have
revealed evidence for the candidate-stst€1720)32*. The new results on the nucleon resonance spectrum,
electroexcitation amplitudes from analysis of the CLAS p photo- and electroproduction data, and their
impact on the exploration of strong QCD are presented.

1 Introduction of most resonances in the above mentioned kinematics
, oL i area. The combined studies ofz~p photo- and elec-
Studies of exclusive™z™p photo- and electroproduction  qnroduction have revealed evidence for a new candidate-

off protons represent afftective tool for the exploration of stateN’(1720)32* [E|]_ Further development of the JM
the spectrum and structure of excited nucleon st&¥€k ( (eaction model for the extraction of the,,pN* photo-
This exclusive channel is sensitive to the contributions Of/electrocouplings from the* 7~ p exclusive i:hannel based

most N*, which allows for the determinat?on of t*he NU- on analysis of the recent CLAS dam[ﬁl 18], the new re-
cleon resonance photo- and electrocouplingsfiN") al  gyjts on they,,pN* photofelectrocouplings and their im-
different photon thualme{[l]. This provides insight into pact on strong QCD exploration and the observation of the

the structure of most nucleon resonances with their dis'newN’(1720)32* state will be presented in this proceed-
tinctively different structural features. The exploration of ;.

different resonance electrocouplings has revealed excited
nucleon state structure as a complex interplay between the
inner core of three dressed quarks and an external mesorp Experimental Studies of n*n p
baryon cIoud|Il2E|6]. The continuum QCD analyses of the Photo-/Electroproduction and the
ground nucleon elastic form factors apgN* electrocou- .

plings of diferentN* starting from the QCD Lagrangian Reaction Model

already shed light on the strong QCD dynamics underly-The combination of the CEBAF CW beam and the CLAS

ing the generation of the dominant part of hadron MASSjetector with almost#acceptance provides a unique op-
[E, ﬂ—E}]. Essential progress has been achieved in the de- P b q P

. . + = _
velopments of the quark models for the description of theportunlty for the exploration of they,p — 7'z"p’ re

) tions with almost complet ver f the final stat
structure of many excited nucleon statﬂs@,ﬁb—lS]. Ex-2cions aimost compiete coverage ot the fina) state
; ; ; phase space. This is of particular importance for the ex-
tension of the results on theg,pN* electrocouplings to-

ward larger photon virtualities and for the majority exdite tractlon of the photo- angzIUpN elgctrocoupllngs, as well
) . . as their hadronic decay widths into thé& andpp final
nucleon states will fier a unique opportunity to explore

many facets of strong QCD in the generation dfefient states. Tabl€ll summarizes the available CLAS experi-
mental data on exclusive 7~ p photo- and electroproduc-
nucleon resonances.

Lo tion. The newr* =~ p photoproduction f§ proton datal[16]
The recent CLAS data on e.XCIUSMé” b photopro were obtained with the CLAS detector for the first time
duction [18] allow us to determine the photocouplings of in terms of nine independent 1-foldftérential and fully
almost all well- established resonances in the mass range . ratedrt 1 b cross sections in the center of mass en-
from 1.6 GeV to 2.0 GeV for the first time from this exclu- 9 b :
sive channel. Analysis of the recent CLAS data [17, 18] grglesW from 1.6 GeV to 2.0 GeV. Overall;400 mil-
on 1t 1 elelctro roduction at 1.4 GeX W < 2.0 Ge\’/ lion 7* 7~ p events were selected, exceeding by a factor of
angznopee\% - sz < 5.0 Ge\? démonstrated .romisin ~50 the statistics previously collected in this channel. The
' - . PromisINg .5 electroproduction data from CLAS [17.118] have
prospects for the extraction of thg, pN* electrocouplings extended the information on the nine independent single-

*e-mail: mokeev@jlab.org differential and fully integrated cross sections binned in




Table 1. The kinematic areas covered in the CLAS E
measurements of exclusiwér~ p photo- and electroproduction. E o M
E ‘M'q
| Fai
W-ranges, Qz-ranges, Observables Refs. v MenGe
GeV GeV =
1.6-2.0 0. nine diferential e | 3 1 M
and fully integrated| [16] gm jh 1 1494, +; E ?u;
cross sections e Tl g:-,-i.?;:?.ff,t-‘ Heeet s
1.3-157 | 0.2-0.6 nine diferential 0 i Moda M,
and fully integrated| [21] I 3 3
cross sections ERE H 3 +Hf J B
1.4-2.1 0.5-15 nine diterential gnt ot sty :.????“”ff..
and fu||y|ntegrated |2_2] = 00,.2}}0 ..... 0’-.2:])0 ..... (; ..... -2;0 .....
cross sections O frprrepr 968 O pynpp €8 O g e 5o 968
1.3-1.83 0.4-1.0 nine diterential
and fully integrated| [24] Figure 1. (Color online) Representative example of 1-fold
cross sections dlfferenr;LaI cross setctlonf _ép?mts (Vt\)liit;eeerm[; be)lr?) ant(:] the
- - : resonanhon-resonant contributions en bars) from the
1.4-2.0 2.0-5.0 a:(;nfil(ﬁyffiiiggige d 17 fits (red curves) of the CLAS* 7~ p photoproduction data a/
: from 1.73 GeV to 1.75 GeV.
cross sections
1.4-2.0 2.0-5.0 nine diterential
and fully integrated| [18]
cross sections, W=154 GeV, Q?=3.1 GeV?
structure functions . JE o

Table 2. The values of?/d.p. from the comparison between

the measured and computed within the updated JM model nine
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W andQ@? in the mass rang@/ < 2.0 GeV towards large
photon virtualities of 2.0 Ge¥ < Q?> < 5.0 Ge\?. The
first results on the structure functioRsr andRy, for the
¥.p — 7*x~p’ channel have become availad@[lS]. The and diferential cross sections computed within the updated JM
measured observables can be found in the CLAS Physicgodel (see Sectiori] 2) at 1.53 GeVW < 1.55 GeV and 3.0
Data Basel[]5].
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Figure 2. (Color online) Data forr*n~p eIectroproductiodﬂB]

GeV? < Q? < 3.5 GeV.

The recent CLAS data on therfz p photo-
/electroproduction cross sections and the first results on
the exclusive structure functions for this chantel Eds-18]
offer a promising prospect for the evaluation of the photo-< 5.0 Ge\? in electroproduction from their manifestations
couplings for the resonances with masses from 1.6 GeV tan the kinematic dependencies of the measuréedintial
2.0 GeV andy,pN* electrocouplings of most excited nu- cross sections and eventually to isolate the resonanticontr
cleon states in the mass range up to 2.0 GeV and photobutions. The fully, ,p — 7"z~ p’ amplitudes are described
virtualities Q2 from 2.0 GeVf to 5.0 Ge\f. In preparation  inthe JM model as a superposition of e\ **, 77 A°, pp,
for the extraction of the, pN* electrocouplings fromthese #* D‘l)3(1520), andzr*FfS(1685) sub-channels with subse-
data, the JM reaction modél [E]@ 20], which was suc-quent decays of the unstable hadrons to the firfat p
cessfully used for the extractiongfpN* electrocouplings  state and direct2production mechanisms, where the final
from thex* 7~ p electroproduction data at 0.2 G&Y Q? < n*n~ p state comes about without going through the inter-
1.5 Ge\? [E ], was updated. The major focus of the re- mediate process of forming unstable hadron states.The JM
cent CLAS data analysis is to establish all relevant mechamodel incorporates contributions from all well-estabdigh
nisms contributing tar* 7~ p photoproduction in the kine-  N* states of four-star PDG ratinElZS] with the observed
matics area of 1.6 Ge¥ W < 2.0 GeV and in the kine- decays to therA andpp final hadron states. For the reso-
matics area of 1.4 Ge¥ W < 2.0 GeV and 2.0 Ge¥/< Q? nant amplitudes, a unitarized Breit-Wigner ansatz that ac-
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Figure 3. (Color online) CLAS results on thi(1440)%/2* electrocouplings from analysis of the recent datartur p electroproduc-
tion [E“Iﬁ] (magenta filled triangles), from the analyseblo electroproductiorml] (red filled circles), and from theyious CLAS
data ont*zp eIectroproductiorﬂﬂO]. The results at the photon poiattaken from the PDCE]Z8] (blue filled triangle) and from
analysis of the CLANz photoproduction datﬂSZ] (blue filled square) THEL440)Y/2* electrocouplings computed within the DSE
[E] are shown by the solid lines. The results from the nogHtlifront quark modeﬂﬂO] are shown by the dashed lines.

Table 3. Resonance photocouplings determined from analysis of‘thep photoproduction data from this work in comparison with
the previous results from the PDG averda [28] and from chatinel analysif[.BO].

A1/2 X 103 A1/2 X 103 A1/2 X 103 A3/2 X 103 A\O,/z X 103 A\O,/z X 103
Resonances from'z—p PDG ranges multichannel froatz™p PDG ranges multichannel

GeV1/2 GeVv1/? analysis [30] GeVY? GeVv1/2 analysis [30]
Gev 12 Gev 12

A(1620)Y2- 29.0+6.2 30-60 557

N(1650)1/2- 60.5+7.7 35-55 326

N(1680)52* -27.8+3.6 -18 --5 -15+2 128+11 130 - 140 1365
N(1720)32* 80.9+115 80-120 11545 -34.0+7.6 -48 — 135 13540
A(1700)32- 87.2+189 100 - 160 16520 872+16.4 90-170 17825
A(1905)52* 19.0+7.6 17 - 27 255 -432+17.3 -55--35 -50+5
A(1950)7/2* -69.8+14.1 —-75 —--65 —67+5 -1181+193 -100 —-80 —-94+4

counts for the transition between the same arftedint  entire kinematics area covered by the recent CLAS mea-
resonances in the dressed resonant propagator was ersarements [16=18] and Tallk 1). The quality of the data
ployed, which makes the resonant amplitudes consistendescription can be seen from the valueg®fd.p. listed
with restrictions imposed by a general unitarity condi- in Tablel2 and from the range gf/d.p. < 1.31 for the
tion @]. Analysis of they; ,p — n*n~ p differential cross  computed dferential cross sections selected in the pho-
sections in the previously unexplored kinematic areas oftoproduction data fit|ﬂG]. A representative example of
1.6 GeV< W < 2.0 GeV (photoproduction) and of 1.4 the diferential cross section description together with the
GeV < W < 2.0 GeV and 2.0 Ge¥/< Q% < 5.0 Ge\? resonant and non-resonant contributions inferred from the
(electroproduction) reveals no evidence for the contribu-CLAS =z~ p photoproduction datﬂlLG] is shown FIg. 1.
tion of mechanisms other than those the employed in theAn example of the electroproduction data description is
previous JM model versimﬂ[ﬂlﬂ]@ 20]. However, we shown in Fig[2. Credible isolation of the resonant contri-
modified the parameterization of the extra-contact terms inbutions achieved in the data fit is vital for the extraction of
therA sub-channels and also update the ansatz for the dethe resonance phojelectrocouplings.

scription of the non-resonant contributions in e and

n+F85(1685) sub-channels. After these modifications, a

good description of all availablg,,p — #n*zx~p differ-

ential and integrated cross sections was achieved in the
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Figure 4. (Color online) CLAS results on thBl(1520)32" electrocouplings from analysis of the recent datarom p electropro-
duction [J__VEB] (magenta filled triangles), from the anafysfNx eIectroproductior]El] (red filled circles), and from theyious
CLAS data om*n™p eIectroproductio{[ﬂO]. The results at the photon paiaettaken from PDdEB] (blue filled triangles) and from
analysis of the CLAN# photoproduction datﬂBZ] (blue filled squares) The redubis the novel light front quark moddﬂ[EhO] are
shown by the dashed lines.

w=171 (geV. Q=065 Gev?>

§300 [ S F 9 100 g
s F 200 ¢ Swk ! H 50 F
8 E S0 | ¢ £l £}
3200 £ P s b s PE g s i
S0 b I fotf IR NEELY:
5100 | [ [ s E ¢
3 ok 0:‘ 0"‘“ R 0 R XA T -
1 15 1 15 01 03931 06862 0.9793 1 15
M 1T p, GeV ' p mass, GeV ™ 1 mass GeV T p mass, GeV'
B E 2 ? 2
i iR [FE
= ] E E 42|32 o % |3 o+
~ B 2 005 d S 2 ;9
@505 ) 40 %10 ¥ Ewf ooty ¥ oot
S5 E 20 £ < 4 g
() T o b 3 Ay S T R N I
8 0 100 200 4 100 200 0 100 200
6 -, deg 6+ deg ep,,deg 0+ deg 6p.deg
Bk 20 E 20 £ ¥, ?E B E
] E A 1 § [ g ER Y g $.2
g 15 i + 5 t 54 , R T SN W P I b I q/‘
g 10 Afw |10 EW** | 10 P g 'F S S
% 5E 4008 Si sE S o S L, b 3 oL
UO(;H‘Z(I)OH‘ 0(;‘”2;)0‘” 00“‘2[I)0‘H O(;H‘le)o‘“ DO‘HZ:)OH‘ OO‘HZ:)OH‘
O e s 7 969 O e g e 99 [ p——G a(re p)(r+ pf).deg o (e p)(e pf).deg a (pf p)(re 7). deg

Figure 5. (Color online) Description of the CLA%* 7~ p photoproduction data & = 1.74 GeV andQ?= 0. Ge\? [ﬁ] (left) and
electroproduction data & = 1.74 GeV andl?= 0.65 GeV [ﬁ] (right) achieved in the fit within the JM model after ingphentation
of the candidaté\’(1720)32* state.
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Figure6. (Color online) Photgelectrocouplings of the conventiond(1720)32* (filled triangles) and candidaté’(1720)32" (filled
squares) states determined from the CLAS data*an p photo- and electroproductioﬂ:l@ 22] within the JM model.

3 Extending Knowledge on the Resonance  plings of theN(1440)1/2" andN(1520)32" resonances in
Spectrum/Structure from CLAS 77~ p a wideQ?-range from 0.2 Ge¥to 5.0 Ge\?, which have
Photo-/Electroproduction Data been determined in independent analyses of the dominant

meson electroproduction channel andz*z~p, shown

in Fig.[d and Fig[}, validate the credible extraction of

these quantity in a nearly model independent way. This

couplings of higher-lying nucleon excited statéd (> success also demonst.rates the*capabilty of the JM model

1.60 GeV), which decay preferentially to therN final for the credible extraction of thd* parameters from inde-

states, e.gA(1620)12-, A(1700)32", N(1720)32+, and  Pendentstudies of*z"p electroproduction.
theN’(1720)32* candidate state. Thetr—p channel has Full information on the electrocouplings of most ex-
the largest cross section among the studietl photo- cited nucleon states extracted from the CLAS data can
production channel§ [29]. The resonance photocoupling e found in Ref.|[33] and in the web pages of the Refs.

extracted from the CLAS data are listed in Table 3 and*™" 1

compared with the resonance photocoupling ranges in therap|e 4. Masses and the total and partial hadronic decay widths
PDG2018([28] and the results of the multichannel analy- (o thexa andpp final hadron states of the convention

sis [30]. There is good agreement in the magnitude andn(1720)32* and candidatél’(1720)32* resonances obtained
sign of the photocouplings between our results and the from the CLASx* 7~ p data [15[22] fit within the JM model.
photocoupling ranges in the PDG listings. On the other

The CLAS data for ther™n~p photoproduction chan-
nel play a critical role in the extraction of the photo-

hand, for several resonances, the photocouplings deter- Resonance | N'(1720)32" | N(1720)32*

mined from the multichannel analysis ardfeient from Mass, GeV 1.715-1.720 | 1.743-1.753

ours. Implementation of our' 7~ p photoproduction data Total 120+ 6 112+ 8

into the global multichannel analyses will essentially im- width, MeV

prove our knowledge on the photocouplings and hadronic Branching 46-64 3-13

decay parameters of the resonances in the mass range of| fraction (tA), %

W > 1.6 GeV. Branching 38-55 23-49
The preliminary results on thg pN* electrocouplings fraction pp), %

for the N(1440)1/2* and N(1520)3 2" resonances have
become available at 2.0 G8¥ Q? < 5.0 Ge\# from the
x*n~ p electroproduction channel for the first time. The The electrocouplings of th&l(1440)1/2* resonance
electrocouplings were determined from a fit of the re- were evaluated starting from the QCD Lagrangian within
cent CLASx*n~p electroproduction data [17.118] at 1.4 the continuum QCD Dyson-Schwinger Equation (DSE)
GeV < W < 1.55 GeV and 2.0 GE/< Q? < 5.0 Ge\2.  approachl[9]. The DSE predictions are shown in Elg. 3
Representative example of the computed cross sectionBy the solid lines. The DSE evaluations are applica-
selected in the data fit witly?/d.p. < 1.46 are shown ble at photon virtualities where the inner quark core be-
in Fig.[A. The electrocouplings of the(1440)Y/2* and  comes the major contributor to the resonance structure
N(1520)32- resonances determined at 2.0 GevQ?> <  at Q% above 1-2 GeVY. In this range of photon virtu-
5.0 Ge\? from the CLASx*xp data [1B] are shown in  alities, they dfer a good description of the experimental
Fig.[d and Fig[¥ along with the previously available re- results on theN(1440)1/2" electrocouplings, which was
sults from CLAS IﬂSﬂ)El] and theoretical expectations achieved withexactly the same dressed quark mass func-
,19,[10]. Consistent results for thepN* electrocou-  tion as the one employed in the previous evaluations of



the electromagnetic elastic nucleon form factors and theof the JM model outlined in Se€l 2. All nine single-
magneticp — A(1232)32* form factor [7]. Furthermore, differential cross sections were included in the data fits car-
the dressed quark mass function employed in the evaluaried out independently for the photo- and electroproduc-
tions of the aforementioned electroexcitation amplitudestion data. In the fits we simultaneously varied the electro-
was computed starting from the QCD Lagrangiﬁ [35]. couplings and decay widths to thé andpN final hadron
This success conclusively demonstrates the capability obtates for all resonances that contribute to the regioneof th
gaining insight into the strong QCD dynamics underly- structure atW ~ 1.7 GeV. We also simultaneously varied
ing the dominant part of hadron mass generation from thehe non-resonant parameters of the JM model.
combined experimental results on the nucleon elastic form  The hadronic decay widths of each resonance remain
factors and they,pN* electrocouplings analyzed within the same in allQ?-bins in the electroproduction data
continuum QCD approaches. In the near term future thefit, while for the photoproduction data, the resonance
A(1600)32* electrocouplings will become available from hadronic couplings were varied independently. We found
the CLAS "2~ p electroproduction datﬂlﬂm]. They that for the description of all six angular distributions in
will be confronted with the parameter-free prediction from the bins ofW andQ? atW ~ 1.7 GeV, an essential con-
the continuum QCD|E6] obtained with the same dressedtribution from the resonances with spin-pariffj=3/2*
guark mass function as employed in the DSE computationss needed. Therefore, we compare the two possibilities
of the nucleon elastic form factors and thé1232)32* for description of ther*z~ p photo- and electroproduction
and N(1440)1/2* electrocouplings. If universality of the data atW ~ 1.7 GeV: either by considering the contri-
dressed quark mass function is confirmed, this will vali- bution from the conventionall(1720)32* resonance or
date the credible access to the hadron mass generation dipy implementing in addition a contribution from the new
namics from the data on nucleon elastic form factors andN’(1720)32* state with parameters fit to the CLAS data.
the electrocouplings of fierent excited nucleon states. Both methods provided a reasonable description of the
The novel light front quark model that incorporates photoproduction data witp?/d.p. < 1.31 (1.6 Ge\k W <
the parameterized momentum-dependent quark mass witB.0 GeV) accounting for the contribution from the statisti-
parameters adjusted to the data on @feevolution of  cal and dependent from the final hadron state kinematic
the nucleon elastic form factorsl [E| 10] was developedvariable systematic data uncertainties, as well as of the
for the description of the,,pN* electrocouplings. The electroproduction data with?/d.p. < 3.0 (1.65 GeV< W
model also accounts for the contributions from the meson< 1.8 GeV) accounting for the statistical data uncertain-
baryon cloud. It was found that the implementation of the ties only. Representative examples of the description of
momentum-dependent dressed quark mass is absolutethe photo- and electroproductiorigirential cross sections
needed in order to reproduce the behavior of the nucleorare shown in Figd5. The results in F[3. 5 were obtained
elastic form factors aQ? > 2.0 Ge\?. A successful de- accounting for the contributions from the (1720)32*
scription of the electrocouplings of many resonances incandidate-state, but the fit quality remains almost the same
the mass range up to 1.7 GeV was achieve@at- 2.0 if N’(1720)32* candidate-state is taken out and the photo-
Ge\2 with the same momentum- dependent quark mass agelectrocouplings of the conventions(1720)32* reso-
that used for the successful description of the nucleon elasnance are fit to the data without the contribution from the
tic form factors. The description of tH#(1440)1/2* and  new candidate state.
N(1520)1/2* electrocouplings is shown in Figd. 3 aid 4 On the other hand, as is shown in Table 5, the de-
by the dashed lines. This success within this conceptucay widths of the conventionall(1720)32* resonance
ally different phenomenological framework compared toto the A and pp final hadron states inferred from in-
the continuum QCD approaches emphasizes the relevanadependent analyses afz~p photo- and electroproduc-
of the dressed quark with running mass as an active comtion depend considerably on the presence or absence of
ponent in the structure of the ground and excited nucleorthe N’(1720)32* candidate-state. In the case where the
states. contributions from only conventional resonances are taken
The studies of the combined s~ p photo- and electro-  into account, theN(1720)32* decays into theN final
production data with CLAS have revealed evidence for thestate inferred the data fit on charged double pion photo-
existence of the new candidate stht€1720)32*. The  and electroproductionfb protons difer by more than a
contribution from theN’(1720)32* has been observed, in factor of four. Since the resonance hadronic decay widths
addition to several other new baryon states, from a globakhould beQ?-independent, this makes it impossible to de-
multi-channel analyses of the exclusive meson photoproscribe both ther*z~ p photo- and electroproduction cross
duction data with decisive impact from CLAS data i sections when only contributions from conventional reso-
photoproductionﬂZD?]. For the first time signals from nances are taken into account.
the N'(1720)32* candidate state have been observed in By implementing a newN'(1720)32* baryon state
analyses of the CLAS,p — n*n p electroproduction with the parameters inferred from the CLASz p data
data EIZ], which shows a pronounced structure inWhe  fit a successful description of all nine singldfdrential
dependence of the fully integrated cross sectiond/at vioP — 7*np photo- and electroproduction cross sec-
1.7 GeV and in allQ? bins covered by the measurements. tions has been achieved. Furthermore, the hadronic de-
Further studies of the CLAS,,p — n*n~p photo-  cay widths of all resonances in the third resonance re-
and electroproduction cross sectiohs] [, 22] have beemjion as inferred from the fits at fierentQ? remain Q?-
carried out within the framework of the current version independent in the entire range of photon virtualities up



Table5. N(1720)32* hadronic decays determined from the independent fits toateeah charged double pion pholb—;l[16] and
electroproductiormz] 1 protons accounting only for contributions from convensibresonances.

Resonance N* total width | Branching fraction| Branching fraction
state MeV for decays torA for decays toN
N(1720)32*
electroproduction 126.0+ 14.0 64% - 100% <5%
photoproduction| 160.0+ 65.0 14% - 60% 19% - 69%

to 1.5 GeV that is covered by the CLAS measurements photo- and electroproduction, both for the validation of
[@,@]. This is a strong evidence for the existence of thenew baryon states and for the further search for new ex-
newN’(1720)32* baryon state. Indeed, if the implemen- cited nucleon states.

tation of a new baryon state would justectively describe

the non-resonant contributions, then it would not be possi- )

ble to reproduce the CLAS 7~ p data in a wideQ?-range 4 Conclusion and Outlook

with Q?-independent decay widths of such a fake reso-

nance because Of the pronounced evo'ution ofﬂ-th-gp Studies of eXCIUSiV@'Jrﬂﬁp phOtO- a.nd eleCtrOprodUCtion
non-resonant parts wit@?. The successful description with CLAS have extended the information on the nucleon
of the CLASx* 7~ p photo- and electroproduction data for fesonance photo- and electroexcitation amplitudes. The
0. Ge\® < Q2 < 1.5 Ge\? with Q*independent decay photocouplings of almost all nucleon resonances in the
widths of both theN’(1720)32* and N(1720)32* res-  Massrange from 1.6 GeV to 2.0 GeV have become avail-
onances intarA andpp final hadron states, validates the able for the first time from the studies ofz™p photopro-

existence of the new baryon stig1720)32" inanearly ~ duction. The entries on the photocouplings amdand
model- independent way. pp hadronic decays of most resonances in the mass range

from 1.6 GeV to 2.0 GeV have been updated in the PDG
The results on th€?evolution of theN’(1720)32* by results from CLASI[39].

and N(1720)32* vy,pN* electrocouplings determined Studies of the combined 7~ p photo- and electropro-
from the CLAS data fit are shown in Figl 6. Their rather duction data have provided evidence for the candidate-
differentQ?-evolution emphasizes the contributions from stateN’(1720)32*. The contribution from this state is
both theN’(1720)32" andN(1720)32" excited nucleon needed in order to describe both photo- and electropro-
states into ther*z~ p photo- and electroproduction in the duction data withQ?-independent masses and total and
third resonance region. The masses and the total angartial decay widths of thB(1720)32*-conventional and
partial hadronic decay widths of thé’(1720)32* and  N’(1720)32* candidate resonances to th& andpp fi-
N(1720)32* resonances are listed in Talile 4. The con-nal hadron states. Th#(1720)32" is the only “missing”
ventionalN(1720)3 2" and candidat®l’(1720)32* states  baryon state observed so far for which the information on
have the same spin-parities. Their masses are slightly difthe Q?-evolution of the electroexcitation amplitudes has
ferenrt and the total decay widths are almost the samdecome available. These results allow us to gain insight
within the data uncertainties. However, théfelient pat-  into the structure of “missing” resonances and eventually
terns for their decays to the\ andpp final hadron states to understand why these states have remain elusive from
and diferentQ?-evolution of their electrocouplings allow the observation for a so long time. Predictions on the
us to identify these two fierent resonances. So far, the Q*-evolution of the “missing” resonance electrocouplings
N’(1720)3 2" is the only “missing" baryon state for which from different models is the urgently needed next step to-
the experimental results on ti@?-evolution of the elec- wards approaching this challenging objective.
troexcitation amplitudes have become available. Thesere- The y,pN* electrocouplings have become available
sults dfer insight into the structure of the so-called “miss- from the CLASx* 7~ p electroproduction data at 0.2 Gé&V
ing" baryon states, paving a way towards understanding< Q? < 5.0 Ge\? for the resonances in the mass range up
the peculiar features of these resonances which have made 1.6 GeV and at 0.5 G&V/< Q? < 1.5 Ge\? for most
them so elusive from the observation in experiments for aresonances in the mass range from 1.6 GeV to 1.8 GeV.
long time. In the studies of the conventional and exotic Consistent results on nucleon resonance electrocouplings
baryons within the chiral quark-soliton modéL{[38], the from independent studies of thér and "z~ p electro-
new baryon staté&(1726)32" was predicted as a mem- production channels with flerent non-resonant contribu-
ber of the 27-plet. The mass and spin-parity of this pre-tions validate the credible extraction of these quantities
dicted state are consistent with the obsem&gd 720)3 2* Physics analyses of the CLAS results on #hpN* elec-
candidate-resonance. When the predictions from this otrocouplings within the framework of the continuum QCD
other quark models on tH¢'(1720)32* electrocouplings  approachl[3[]7.19] and the novel relativistic quark model
will become available, they will shed light on the nature of have revealed the dressed quarks with momentum-
the new baryon state observed in the CLAG p photo-  dependent masses as active degrees of freedoh*in
and electroproduction data. This success also demonstructure. The CLAS results on thepN* electrocou-
strates the importance of combined studies of exclusiveplings of diferent resonances are of particular importance
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