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Abstract

T his{\EI;oposal aims to establish a program to search for new excited baryon states
in the mass range from 1.8 GeV to 3 GeV, as well as to explore for the first time
the behavior of resonance electrocouplings over the full spectrum of excited proton
states at photon virtualities Q? approaching the photon point (Q? < 0.2 GeV?). This
work focuses on measuring KtA, K+X°, and 77 p exclusive final states in CLAS12
and detecting the scattered electrons in the angular range from 2.5° to 35° using the
electron detection capabilities of the Forward Tagger and the CLAS12 detector. The
experiment will use longitudinally polarized electron beams of 6.6 GeV and 8.8 GeV to
cover the range of invariant mass W up to 3 GeV and Q? from 0.05 GeV? to 2 GeV2.
The main aspects of the Proposal are to:

- search for new hybf_i‘aibaryon states with the glue as an extra constituent compo-
nent beyond the three constituent quarks by focusing&measurements at Q? < 1.0 GeV? ?7
where the expected magnitudes of the hybrid electroexcitation amplitudes are maxima?;L

- search for three-quark “missing” resonances in the electroproduction of different
hadronic final states with the highest fluxes of virtual photons ever achieved in exclusive
meson electroproduction experiments;

- study the structure of prominent nucleon resonances in the mass range up to
3 GeV in the regime of large meson-baryon cloud contributions and explore the N*
longitudinal electroexcitation approaching the photon point.

Exclusive events from KY and 77 p final states will be selected and the unpo-
larized differential cross sections will be obtained, complemented by measurements of
the differential transverse-transverse and transverse-longitudinal interference cross sec-
tions. From these data the y,pN* electrocouplings will be determined for all possible
new states with /=1/2 and I=3/2 and with all possible J* quantum numbers, and the
Q? evolution of their helicity amplitudes will then be determined in the low Q? range
(@Q? < 2 GeV?) for different reaction channels.

The hybrid baryons will be identified as additional states in the N*-spectrum be-
yond the regular three-quark states. Since spin-parities of hybrid baryons are expected
to be the same as those for regular three-quark states, the signature of the hybrid-
baryon will emerge from the distinctively different low @Q?-evolution of the hybrid-
baryon electrocouplings, due to the additional gluonic component in their wave func-
tion.

This kinematic range also corresponds to the largest contributions from the meson-
baryon cloud, allowing us to improve our knowledge on this component, which is rel-
evant to understand the structure of all N* states studied so far [ , |, as well as to
explore the longitudinal N* electroexcitations as the photon virtuality goes to zero.
This program adds an important new physics component to the existing CLAS12 N*
program at 11 GeV, which aims to measure the transition form factors for all promi-
nent N* states up to the highest photon virtualities ever probed in exclusive reactions
@? < 12 GeV2. The study of the spectrum and structure of excited nucleon states at
distance scales from low to high @2, encompassing the regime where low-energy meson-
bary_on degreeesa@,f, frgedo dominf}t_e to the regime where quark degrees ?f freedf)m
dominate, ’aiﬂows %r opportumt&e‘go better understand how the strong interaction
of dressed quarks and gluons gives rise to the spectrum and structure of excited nucleon
states and how these states emerge from QCD.
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1 Introduction

The ongoing program at Jefferson Lab and several other laboratories to study ¥i# excitationS
of nucleons in the so-called nucleon resonance region with real> photon and wiwh clectron
beams has been very successful. Although only a fraction of the data taken during the CLAS
run groups g8, g9, gll, and gl2 have been analyzed and publisheaééﬁ/e publighed data have
allowed f%‘r% yery significant advances in light-q zé% %%X@n spectroscopyy, andvled to strong
evidence o several new nucleon excitations as listed 1n the PDG review of 2014 [ ]. These
discoveries were possible due to the very high meson production rates recently obtained for
energy-tagged photoproduction processes. Furthermore, the use of meson electroproducgiggé
has led to completely new insights into the nature of several promin. I}:J geig)%%ptﬂ baryons, e:g. s
the so-%éled Roper resonance N ( 1440)%+. This state deﬁe% anc‘%xp;zaﬁﬁmﬂff S properties,
Welt asifiass, transition amplitudes, and transition form factors.within the constituent quark
model (CQM). The analyses of the new electroproduction data were crucial in dissecting its
complex structure and providing a qualitative and quantitative explanation of the space-time
evolution of the st; ”IGE{L_] The Rgpgcr’ was also considered as a candidate for the lowest mass
hybrid baryon [ ],"J§ was only hrough the meson electroproduction data that this possibility
could be dismissed | , |.

The theory of the strong interaction% QCD, not only allows for the existence of baryons
with dominant gluonic contributions, (hybrid baryons), but Lattice QCD calculatio Tt

also predictéé’everal baryon states Witl%)minant gluonic admixture to the wave function, and
) ~ with the lowest mass hybrids approximately 1.3 GeV above the nucleon ground state .of '@
lf)é’ i1 w[%g\gé@\/ [ ], i.e. in the rangeng = 2‘2,— 2.5 GeV. In the meson sector, exotic states @P@ &

(hybrid mesons) are predicted with quantum numbers that cannot be obtained in a pure j7 'FQ?‘»"
qq configuration. The selection of mesons with such exotic quantum numbers provides a ‘
convenient way to identify candidates for gluonic mesons. In contrast to the meson sector
hybrid baryons have quantum numbers that are also populated by ordinary excited 3-quark
states. Hybrid baryons hence mix with these 3-quark excited states or with dynamically
generated states making the identification of gluonic baryons more difficult. An important
question is therefore: How can we distinguish gluonic excitations of baryons from their
ordinary quark excitations? { Another question is-the unags rangelin which we may expeat.
hibrid-Baryons tb,ocfeum) we dL’(éwﬁy‘cmsu/eveé ffpé g 08 ton L ﬂf'ﬁ‘muasoqme (-f

Mapping out the nucleon spectrum and the excitation strengths of individual resonances
is a powerful way to answer a central question of hadron physics: ” What are the effective de-
grees of freedom as the excited states are probed at different distance scales?”. Previous anal-
yses of meson electroproduction have shown to be most effective in providing answers in sev-
eral cases of excited states: A(1232)2", N(1440)1", N(1520)87, N(1535)L17, A(1620)%7L\N(1680)%‘1L
and N(1710)1/2%. ‘

The experimental program outlined in this roposal is meant to vastly improve upon
the available information and extend the reach of meson eleg,t oproduction to ¢ v%thefﬁ?tﬁ’("w‘p kﬁw%g
nucleon resonance mass range up to 3 GeV and WQ range from 0.05 to 2 GeV?,
using electron beam energigs of 6.6 GeV and 8.8 GeV. The unpolarized differential cross
sections will be resumed fo¥ K'Y and 77~ p exclusive channels, complemented by measure-
ments of the differential transverse-transverse and transverse-longitudinal interference cross

sections i vibabion depondent chsCroalbes.,



From these data the v,p/N* electrocouplings will be determined employing the well known
unitary isobar models and dispersion relation approaches that have proven very effective for
the study of two-body final states such as #N [, ] and KY [ ], as well as the Jie_ib—
Moscow (JM) meson-baryon reaction mod%}éf rrtnTp electroprodu%tion [m, A,
multi-channel partial wave techniques employing ‘lg/thge Bonn-Gatchina [ | and GWU [ ]
approaches, and approaches starting from the Veneziano model and Regge phenomenology

[ ] that are applicable at higher energj&where many hadron channels open in the final

state interactions, . -, Lo € e
high eipesimental d
Théélﬁ%%r%’%‘ﬁ%%mﬁ/ all possible new states Witﬁ%ﬂ'/—é' and [=3/2 and with all

possible J¥ quantum numbers. As new states are identified using the high event rates at
very small % values (“quasi-real” photoproduction), the @* dependence of their helicity
amplitudes will be determined. The results at different values of Q2 % the ddiffe ent
exclusive channels will substantially enhance efir eapability for the discoverfo O‘ flpév?f'%(é 3%{1'
states. Consistent results on resonance masses and ~,p/N* electrocouplings from the different
exclusive decay channels, as well as @*-independent partial hadronic decay widths over the
full Q3%range, will offer convincing evidence for the existence of new states and the reliable

extraction of their parameters. This approach has been highly effective in determining the

Q)? dependence of the A; /2, Azjz, and Sy helicity amplitudes for several %(f,’g’geﬂo%_?r mass

baryons, such as the A(1232)3/2*, thig V(1440)1/2* : N(1535)1/2~ ese ang
many other results are included in the review of the N* and A* states in the latest edition

of the PDG [ |.
The hybrid baryons will be identified as additional states in the N*-spectrum beyond

the regular three-quark states as preﬁ%ted in recent LQCD studies of the baryon spec-
trum [ ]. Since spin-parities of hybrid baryons are expected to be the same as those for
regular three-quark states, information on the y,pN* electrocoupling evolution with Q2 be-
comes critical in the search for hybrid baryons. A distinctively different Q%evolution of
the hybrid-baryon electrocouplings is expected considering the different, C()l()l‘fI_flultipl(}t as-

&tﬁgs (14

signmenég A ra&h;e L&E%r_k,&(yre in a regular versus a hybrid baryon, i.e..# color singlet and
octet, r ffé%m'ezl% ow photon virtualities @%55’ preferential regime for the studies Of-éﬁ&

hybrid-baryon electrocouplings. [go:(\’ar(:c;{ GoA2k
In @ . E]%%th* xperiment B12-09-003, which focuses on the highest Q?, as well
as E12-06- 1{%5 which explores KA production, the proposed experiment will provieeza-

complemeprogram of nucleon resonance electroexcitation.

2 Theoretical Studies of Hybrid Baryons

2.1 Model projections

In an extension of the MIT bag model, gluonic excitations of the nucleon, to states where a
constituent gluon in the lowest energy transverse electric mode combines with three quarks
in a color octet state to form a colorless state in the mass range of 1.600 £ 0.100 GeV, have
been broadly discussed since 1983 | |.

The gluon flux-tube model applied to hybrid baryons [ , ] came up with similar
quantum numbers of the hybrid states, but predicted considerably higher masses than the
bag model. For the lowest mass flux-tube hybrid baryon a mass of 1.870 £ 0.100 GeV was
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Figure 1: The light-quark baryon spectrum predicted in Lattice QCD at a pion mass of 396 MeV.
The blue shaded boxes indicate states with dominant gluonic contributions. Note that both the
mass of the nucleon ground state and of the A(1232) are shifted by nearly 300 MeV to higher

iasses.

ie. a nucleon—]ﬁkz& or Roper-like state. Hybrid baryons were also discussed in the garge %

N, approximation on of QCD for heavy quarks [ ], which also led to the justification of the
constituent glue picture used in the models. The high energy behavior of hybrid baryons was
discussed in | |. However, in contrast to hybrid meson production, which has received great
attention both in theory and in experiments, the perceived difficulties of isolating hybni’
baryon states from ordinary quark states led this part of the field to remain dormant for a c 0'43'

decade.

found. In all cases the lowest mass hybrid baryon was predicted as a J© = 1/2% state, {

2.2 Lattice QCD predictions

The first quenched calculations on the lattice came in 2003 | ], when the lowest gluonic

3-quark hybrid system was projected at a mass of 1 GeV above the nucleon mass, placing

the lowest hybrid baryon at a mass around 2 GeV. The first LQCD calculation of the full

il {| light-quark baryon spectry 3 3" quenched guark rred in 2012 st included the

%&éf projections of the hybrid qiteleon N¢ stagesrand rid/X; states [ |. Figure 1 shows the
projected light quark baryon spectrum in the lower mass range.

At the pion mass of 396 MeV used in this projection, the prediction for the nucleon mass
is shifted by nearly 300 MeV to higher masses. In the following we take this shift into account
by subtracting 300 MeV from the masses of the excited stat%‘ﬁ['g‘fg. 1. As stated in [ ], the
lowest hybrid baryons, shown in Fig. 1 in blue, were identified as states with leading gluonic
contributions. If hybrid baryons are not too wide, we might expect the lowest hybrid baryon
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Figure 2: Electrocoupling amplitudes of the Roper resonance N (1440)l+. The thin dashed lines
are the constituent quark-glue model predictions for the gluonic Roper i&cbe{i’(eq: 1393+t &,

to occur nasses of about 1.3 GeV above the ground state, i.e. in a mass range of 2.2 ‘&0
1 2.5 GeV YaTéw hundred MeV above the band of radially excited J* = %+ 3-quark nucleon
excitations of isospin 1/2 and thus possibly well separated from other states.

In this computation the lowest JX = %+ gluonic states are nearly mass degenerate with

the corresponding JF = %Jr gluonic states generating a glue-rich mass range of hybrid nucle-

ons. If these projections hold up with LQCD calculations using near physical pion masses,
one should expect a band of the lowest mass hybrid baryon states with spin-parity %Jr and
%+ to populate a relatively narrow mass band of(2.2 £2.5 GeV! Note, that these states fall
into a mass range where no 3-quark nucleon excitations are predicted to exist fr8rh these
calculations. The corresponding negative parity hybrid states, which are expected to occur
at much higher masses, are not included in this graphy/and are not further considered here;
although they may be subject of analysis, should they appear within the kinematic range

covered by this Proposal.

2.3 Hadronic couplings

Very little is known about possible hadronic couplings of hybrid baryons;' One might expect
an important role for final states with significant gluonic admixture, e.g. Bg — Nn' [ |,
or final states containing s§ contributions due to the coupling G — s3, e.g. Bg — KA,
Bg — N*(1535)n — Nnm, Bg — Nnm, Bg — ¢(1020)N, and B — K*A. Quark-model
estimates of the hadronic couplings would be helpful in selecting the most promising final
state for the experimental evaluation. As long as such estimates are not available we will
use a range of assumptions on the hadronic couplings to estimate the sensitivity required for

definitive measurements. Assuming hadronic cog%in S0 percent in the less complex 2—2
final states, e.g. KTA, K*A, or Nnr, $ye should le to identify these states and proceed to

experimentally establish their electromagnetic couplings and Q? dependences. We inttuded {focus L

i & Broposal those ef the-aforementioned-citannels which-we-already studied—

inwsmvmmd@mmmmm&imﬁmw——
onthose decay ommel that juve aliready been Suecess fully anclysed and
&Z//_WD(L be fuvthe: L"’u)’&‘&'go{ééﬁ- wety CLAS A



Sut will wob vebeaiu feom exploving
[ , J],ie. KTA, K'Y and 777 p; Later-on thesewstudiessmay-bé extended by
thezexploeationef other electroproduction channels such as ¢(1020) ]M A.
<

2.4 Electromagnetic couplings

Ttudiy,sz of excited nucleon state electrocouplings in a wide range of photon vir-
tualities is proven toezberthe effective toolg in establishing the active degrees of
freedom contribut@iiy to the N* structure at different distances [ , , — ].
The information on the vy, NN* electroco%)hng evolution with Q? becomes criti-
cal in the search for hybrid baryons. Bhe distinctively different Q%evolution of
the hybrid-baryon electrocouplings is expected considering the different color-
multiplet assignments for the quark-core in a regular versus a hybrid baryon, i.e.
& color singlet éf’rt?vds octet, respectively. Electromagnetic couplings have been studied
within a non-relativistic constituent quark-gluon model, but only for two possible hybrid
states, the Roper NG(1440)%Jr and the Ag( 1600)%+. In reference | ] the photoexcitation

of the hybrid Roper resonance N (1440)%+ was studied, and in reference [ ] the electro-
production transition form factors of a hybrid Roper state were evaluated. The latter was
essential in eliminating the Roper resonance as a candidate for a hybrid state, both due to,
@\Lthe trans ﬁ,he city amplitude amm the prediction of S;/2(@Q*) =0

at all szg%ﬁ howed that a hybrid Roper transition amphtude Ai/9 should behave like
the Aj/y of the OI‘dlIld,Iy A(1232). Clearly the S; ;2 behaves differently and @ﬂ Az does
not exist for the Roper. Re@ep@mea&gﬁamﬁsmf%e*d@eﬁec@aﬁhn@%r@&ﬂmmphﬂd&y
are-shewn in-Rigz8:, Both amplitudes exhibit a Q? dependence that is distinctively different
from the hybrid baryon prediction. Especially the scalar amplitude S1,,(Q*) was found to
be large while it is predicted to be suppressed in leading order for the lowest mass 5 hybrld
state.

The aforementioned predictions should apply to each lowest mass hybrid state with J* =
%Jr and %+. One may ask about the model-dependence of this prediction. The transverse
amplitude has model sensitivity in its Q? dependence and it depends on/model ingredients,
however, there are no ordinary 3-quark model predictions that would come even close to the
predictions of the hybrid quark-gluon model. The radial excitation of the Roper resonance
gives a qualitatively different prediction for A;/»(Q?) compared to the hybrid excitation,
where the 3-quark component remains in the ground state 1th 2 in-flip occurr ng; ;
(just as for the N — A(1232) tr ré'smon) e suppremecc?n (%'t'h_longl udinal couphno\tr%é—'é‘/
property of the ygG vertex and argely independent of specific model assumptions.

The other state, A(1600)2 , was considered as a candidate for the lowest mass gluonic

Ag. A result similar to the one for the hybrid Roper is found in [ ] for a hybrid Ag(1600) %Jr
i.e. a fast falling A;/5(Q*) and S1/2(Q?) =~ 0. The amplitudes at the photon point are not
inconsistent with the ordinary 3-quark model calculation but are inconsistent with the hybrid
baryon hypothesis. On the other hand this result is also in line with the expectation that
the lowest mass hybrid states should have considerably higher masses than the first radially
excited quark states. Note that there are currently no experimental results for the Q2
dependence of c’%bh&jh /2 a’/gd S1/2 amplitudes of this state. 7¢

Based on g rules , we expect that‘electrocouplings of hybrid
baryons should decreé]g%athmcﬁmt&o irtuality Q? merefapidly than for th# reg-

& lwould guget Gulson / Rvedsky S oL Uldley bas nobinp elee
h &mm?&l ceuld K])\/@’Ucdu_ Qem e i 72 it




Thevetow,
resonance beca‘,l/lesecgg tg e extray constituent. Segthe low )
referential reggme studigseaf hybrid-baryons and
Ih i

we, are Es’to explore the range-af Q? < 2.0 GeV?
4 particular focus @M%ﬁybrid baryon, search at Q? < 1.0 GeV?. In order to identify

hybrid-baryorslwe are looking for %ectrocouplings behavioy which should have
distinctively different features in comparison with already established ffoftHe

CLAS results [ ], Electrocouplings of ubnpe%,-quark resonances ¢f J© = ;Wshown
in Fig$5,6 and I = g+ stibfyn in Fig¢7,8. If hybrid baryons will be estab-
lished in the proposed experiment, further studies of their electrocouplings can
be extended towards higher photon virtualities from the data of the approved

@riments with the CLAS12)[ , ]

: , KV - .
?/V)WB Strategies for identifying/‘géfbrid‘-/an(%é%-quark
| g baryon states L
0 d‘%ﬁ/@"f{/’

e W4
In th¥sectiongwe address the questio\gif and how gluonic hybrid baryons are distinct)’from
l ordinary quark excitations/- %will also elucidate ¥l additional opportunities offered by

[7%/‘%)% studies of exclusive electroproduction processes at different photon Xéizzgu%lities for the
f/]ﬂ/%}i €

search of new baryon states both hybrid-baryons and regular -quark “missing”
resonances.

ular t‘h’lmé—quark nucleg
photon virtualities ofterze

3.1 Search for the hybrid baryon states

Oli-géritmn) i This séetion we address the question-if ard ew-glionic hyBrid-Baryohs>
are-distinet from-ordinary_guarklexcitetions. As discussed in section 2.2 the lowest hybrid
s should be

baryons should have isospin I = 1 and J¥ = 17 or [{P — 37 amd Eheir masge

- i e il d e S B AAY et

in the range of 2.2,‘5 to 2.5@? GeV. This mass range : calculations
with physical pion masses become available, a?ar&asses may shift with more realistic pion
masses, likely to the lower " u%es%ith I =1and JP =1 are predicted with
dominan\écfl\[ark contributions and with masses below the mass of the lowest LQCD hybrid

states. Of these four states two are the well known N (1440)%+ and N (1710)%+, and two

are the less well established N (1880)%+ and N (2100)%+ with 2* and 1* ratings, respectively.
Another state N(2300) has a 2* ratingy and falls right into the lowest hybrid mass band
projected by LQCD. This state, if confirmed, could be a candidate for the predicted lowest
LQCD hybrid state.

In order to address this question, it is necessary to confirm (or refute) the existence
of the 2* state N(1880) and of the 1* state N(2100), and to measure the electromagnetic
couplings of N(2300) and their Q* dependence;/ Improved information on the lower mass
states should become available in the next one or two years. when the new high-statistics
single- and double-polarization data from CLAS have bee%ded into the multi-channel
analysis frameworks such as the Bonn-Gatchina or Jiilich/GWU approaches. Should these
two states be confirmed, then any new nucleon state with JX = %Jr, which happens to
be in the right mass range,muld be a candidate for the lowest mass hybrid baryon. Pt

10



A%Dyﬁ/ N (2300)%+ state has@n seen at BES III@ in the invariant mass M (p7°) of ¥(25) —

* a hybrid baryon state. This will aid in the identification of the effective degrees of freedo

e

Wi

underlying the resonance excitation of all states that couple to virtual photons. £

ppr° events. In this case the production of N(2300) occurs at very short distances as it
emerges from heavy quark flavor ¢¢ decay. Hence the state may even be observédie in single
pion electroproduction,ep — e'7tn and ep — €'p/'w°, if it couples to photons with sufficient

strength to be measurable.

In the J¥ = g+ sector the situation is more involved. There are two hybrid states
predicted in the mass range 2.2 to 2.4 GeV, with masses above five quark model states at
same JZ. Of the five states, two are well known 4* and 3* states, the N(1720)%+ and the

N(1900)3+, respectively, and one state, the N(2040)%+, has a 1* rating. Here we will have
to confirm (or refute) the 1* star state and find two or three (if N(2040) does not exist) more
quark model state with the same quantum numbers in the mass range 1.7 to 2.1 GeV. There
is one candidate %+ state withiabss near 1.72 GeV seen in prt7n~ electroproduction [ ],
whose status W will be able sty pin’) l6wn with the expected very high statistics data.

Possible signatures of the lowest mass hybrid baryons are:

O
e Resonance Iqasies in the rang ﬁ, eV < W <25 GeV with [ = 1/2.%52121@ JE =
p_ 3+ 4t : eravobe . n
or J© =353k 16f almost masses ,zz%»ﬁm%,zm
regular 3-quark stated %bserved, in-thé masszramge of theslowest

+

B[ =

Wit no
hybrids

e (° depe; dence pf.f e{jt?:ansverse helicity ampli ?e A1/2(Q?) similar to the A(1232)%+
but d%}%ﬂ/%&g%u vk excited stateslagﬁ;s The JE seen in-the CLAS results,
afide.

o A strongly suppressed helicity amplitude S /2(Q?) = 0 in comparison to other ordinary
3-quark states or meson-baryon excitations.

This list of expected resonance properties may provide some initial guidance when ex-
amining new baryon states for signatures of large gluonic components, they are however not
sufficient to firmly establish the hybrid nature of a state. To achieve this goal, improved
modeling of other degrees-of-freedom such as meson-baryon contributions and direct calcu-
lations of electrocouplings from LQCD will be needed. The expected high statistics data
will be used to identify any new or poorly known state, whether or not it is a candidate for

Besides the search for hybrid baryon states, there are many open issues in our knowledge

experiment. As an example we show in(F Jthe electrocouplings of
the NV (1680)g+ resonance, the strongest state in the third nucléon resonance region. With'
the exception of the real photon point, the data are qb,gite sparse for Q% < 1.8 GeV? and
the high statistics data expected from this ek Wold remedy the lack of experimental
information and address similar situations for other states as well. Note that the yggy high—
@Q? part will be covered by the approved JLab experiment E12-09-003.

An even more compelling example is the N (1675)3* state, where data at Q? > 1.8 GeV?
have been published recently by the CLAS Collaboration [ ]. Figure 4 shows the measured
helicity amplitudes. Low @? data are very important here, as for this state the quark

&1\ of the structure of »orccliilnary baryon excitationsg that can be addeessed witli"data taken in
7+ paxatlelfyetm the' sk
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Figure 4: Electrocoupling amplitudes of the N(1675)3" resonance. Quark models predict the

oVl 220
transverse amplitudes to be suppressed. The significant deviation of the A, amphtudex is consis-
tent with meson-baryon contributions to the excitation strength (dashed-dotted hnes)\c,(,

transitions are strongly suppressed by the Moorhouse selection rule, and therefore, any non-
zero value of the electrocoupling amplitudes will directly measure the strength of the meson-
baryon contributionb The main data needed are single pion production ep — e'7tn and
ep — e¢/m%p. These processes can be ageumul ied with sufficiently high event rates, even
with a pre-scale factor of 10 oZzielg on the ”§ ﬁ%uecrjuhe overall event rate be too high in
this 2-prong topolog&_!

The recent combined analysis [ ] of the CLAS nt7n™p phot&)?-/[ | and electro-
production [ ] data revealed further convincing evidence for\new baryon state
N’(1720)3/2*. This state has the same spin-parity and almost the same mass
and total decay width as the conventional N(1720)3/2%, butiMistinctively differ-
ent Q?{evolution of the resonance electrocouplings (see Fig? 7, 8) and the partial
hadronic decay widths to the 7A and pp final states. Right now, beside the
photon_point the electrocouplings o% N'(1720)3/2" state al\‘ggzﬁlable in the
limitedf’%nge of 3%, from 0.5 to 1.5 GeV*®. As it is shown in Figs7, 8 the 4, /,(Q?)
electrocouplingg o#ﬂ/ 1720)3/2" and N’(1720)3/2" states evolve at Q2 < 0.5 GeV?
completely dlﬂ'eremf)%‘he Ay/2(Q?) of the conventional N(1720)3/2% baryon state

decreases with Q2, whileéfor the new N’ (1720?3/2 in thé range of
Q? < 0.5 GeV? Therefore, the future results on’N(1720)3/2+ and N'(1720)3/2%

electrocouplings from the data on exclusive 717~ p electroproduction off protons

12
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at small Q? will shed light on the differences in the structure of the conventional
and the so-called “missing” baryon states.

In _general, the studies of resonance electrocouplings at small photon virtu-
alitiesc‘éii’mtfhe f)l"oposedm&fﬁseriment Wm@ to explore
their Q*evolution at t#fe distances where the meson-baryon cloud contributions
are expected to be biggest, offering the pf ferential condition for%xploration of
this component of the N*structure. The recent advances in /thgss udies of the
nucleon structure within the framework of the basédion QCD ﬁyson—Schwinger
Equations [ , ], makes it increasingly clear, that the systematic information
on meson-baryon cloud for the excited nucleon states of different quantum num-
bers is of particular impgrtance in order to understand hﬂwn the
ground/ excited nucleon’ cor @essed quarlm eventually evolve into
the external%gp’pnﬁned mesons and baryons. Therefore, the proposed studies
will address thé—schallenging open problem in #H& hadron physics on the transi-
tion from quark-gluon confinement to the regime of strong interaction between
the color-neutral mesons and baryons.
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3.2 Seareh-forthe thiee=quark #¢y baryon stateS___~ 62?"

[m Advanced studies of the data on exclusive meson photoproduction off protons carried out

_ '{D within the framework of the global multi-channel amplitude analysis developed by the Bonn-

% [’?ﬁ*‘ &, Gatchina group [ — | revealed thesighalsfremlmany new baryon states in the mass range
from 1.7 GeV to 2.5 GeV. These states were included to the PDG [ ] with the status from
one to three star states. Notably, the most prominent signals frem new states come from

@ anglyses of the CLAS [ - |, ELSA [ |, MAMI [ | and GRAAL [ ? | data on KY

‘w roproduction. Studies of KY 38 i\ggll s ﬂm‘p exclusive electroproduction channels
extend considerably our capmbility wm ,esj;é'b%fsﬁmgj of the excited nucleon state spectrum,
€ including both regular three-quark and exotic hybrid states.

@ The new baryon states, if they are excited in s-channel should be seen in exclusive re-
actions both with #i% real and virtual photons in the same final states. Furthermore, their
masses, total decay widths, partial decay widths to different final states should be (%

[, independent. The values of v,p/N* electrocouplings obtained independently from analyses of

. different exclusive channels with completely different non-resonant contributions should be

b the same. Consistent results on resonance masses, v,p/N* electrocouplings for all exclusive

@ decay channels under study, and @*-independent partial hadronic decay widths, over the

14
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exclusive electroproduction off protons [ ]. The results at the photon point are taken from [ , ]

¢ full covered Q%range, will offer convincing evidence for the existence of new states. These
¢, studies offer model independent way to prove not only the existence of new excited nucleon
{7 states but also their nature as #lle s-channel resonances eliminating the alternative inter-
b pretations for the structures observed in the kinematics dependencies of the observables as

complex coupled channel effects, dynamical singularities for the non-resonant amplitudes,

kinematic reflections, etc. N
Phis, stra was suegessfully empleyed imAhe recent*analysis of
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Figure 8: Interpolation of the N’(1720)3/2% electrocouplings from thQTCGA¥?data on ntr~p [ ]
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’ h sg,,udies of exclusive KY, 777~ p electroproduction channels at Q? < 2.0 GeV? with
%‘ | virtual photon flux ever achieved in exclusive electroproduction will allow us to
“solidify the results on the spectrum of excited nucleon states, confirming or ruling out the
) signal of “missing” resonances observed in exclusive photoproduction. Furthermore, for the
£ first time the information on 7, pN* electrocouplings of new bar yorystates will become avail-
Fe ( ir g their differences
11 'rﬁ'* ol¥two major
b exclusive N7 and 7+ 7~ p electroproduction channels with L LAS Tevealed the relative growth
of the resonant contributions with Q? in both channél¥'$% e ise 6,1(9 B3 high intensity virtual
0 photon flu the proposed experiment magzlse even preferential fo%w baryon state search
in comparison the photoproduction. It still remai% be seen which range of photon
virtualities is the most suitable for the discovery of new excited nucleon states.

3.3 Amplitude analyses of measured observables in a search for
new baryon states.

In the analyses of the future experimental data we will apply the amplitude analyses methods
for the resonance search and extraction of the resonance parameters. We will employ the
global fit of all exclusive channels studied with the CLAS12 in the kinematics of out interest
with a focus on new baryon state search within the framework of coupled channel approaches.
We also planning to extract of the resonance parameters from the independent analyses
of KY, ntn~p exclusive electroproduction off protons carried our within the framework
of the reaction models for description of these exclusive channels. Consistent results on
the resonant parameters determined from independent analyses of different exclusive meson
electroproduction channels and extracted from the global multi-channel fit of all available
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