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JKcnepmuMeHTbl PepMu No pacceaHuto
NMMOHOB Ha NMpoTOoHax. JlenbTa-pe30oHaHChI.
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[Baryon> : a |qqq> + B [qqq(qq)| + v |qqqG> + .
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Excited Nucleon States and Insight into Strong QCD Dynami

Two conceptually different approaches
for description of nucleon/N* structure
from first QCD principles:

Lattice QCD (LQCD)

*Dyson-Schwinger Equation of QCD
(DSEQCD)

. | ' | ! |
Rapid acquisition of mass is
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- m = 30 MeV
— m =70 MeV
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N* structure studies address

* Nature of > 98% of hadron ma

* Emergence of the ground nu
parton distributions in 1D
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Insight into the Strong QCD from the Synergy between Experi
Phenomenology, and Theory

Experiment

Observables from the
Experiments with the
EM Probes:

« Differential cross sections

« Beam asymmetry

« Target asymmetries

» Recoil asymmetries

« Combinations of 2-fold
and 3-fold asymmetries

Theory

Strong QCD
underlying
the hadron
generation
o; ~ 1

QCD Lagrangian:

-, e |
Locp = V(i DTy = m)y - 41"{' Fuva
* Covariant derivative, gluon field tensor
D! = 9" +igA}
F ","' = U“A:" — '.-“; — 0 fabe -l:: 4:
* Color matrices and structure constants

[Ia”.i‘l)‘-!‘} - ‘.fn(n:]::}("- (‘I:'.”]’J(‘ - _"fub\t'

Phenomenology:
« Amplitude analyses
 Reaction models

L

Elastic/Transition form factors
PDFs, PDA,TMD-functions
Compton form factors

Projection of GPD to observables

i

* Lattice QCD
 Continuum QCD

Light front quark models
AdS/CFT approaches

v Quark-Soliton models
Hypercentral quark model
Covariant quark models




New era in electromagnetic nuclear physics

» Electrons and photons are perfect tools to explore the properties of
strongly interacting systems.

» In the past ~ 25 years many facilities with high-quality continuous beam
and large acceptance detectors were launched.

MAMI Mainz
ELSA Bonn
GRAAL Grenoble
LEPS Osaka

JLAB Newport News



Jefferson Lab (Newport News, VA

Add new

Enhance equipment
in existing halls



Extraction of y,NN* Electrocouplings from Exclusive Mes
Electroproduction off Nucleons

Resonant amplitudes Non-resonant amplitudes

T, N, 1T, KY,../

O

N * , A* ’.0‘

N’ +
N
Nl
N

Definition of N* photo-/electrocouplings

employed in the CLAS data analyses:
*Real A;2(Q%), As32(Q%), S1,2(Q%) ij M. ) )
l.G. Aznauryan and V.D. Burkert, I, = 7 N Al/z‘ * ‘Am‘
Prog. Part. Nucl. Phys. 67, 1 (2012) 7 QJ. DM .

« Consistent results on y,pN* electrocouplings from different meson electroproducti
channels are critical in order to validate reliable extraction of these quantities.
10




Summary of 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
TN 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
7t°p 1.1-1.38 0.16-0.36 do/dQ
1.1-1.68 0.4-1.8 do/dQ, A,A,A,,
1.1-1.39 3.0-6.0 do/dQ
1.1-1.8 0.4-1.0 do/dQ, A,
np 1.5-2.3 0.2-3.1 do/dQ
KA thresh-2.6 1.40-3.90 do/dQ
0.70-5.40 Po, P’
K+3°0 thresh-2.6 1.40-3.90 do/dQ
0.70-5.40 P’

The measured observables from CLAS are stored in the
CLAS Physics Data Base http://clas.sinp.msu.ru/cgi-bin/jlab/db.cgi

* do/dQ-CM
distributions
* Ab’At)Abt'long
beam, target, a
beam-target asy
metries

« PO, P’ -recoil and
transferred polariza
of strange baryon

Over 120,000
data points!

\

Almost full coverage
of the final hadron
phase space



CLAS Physics Database

Search form for the data related to the CLAS physics

You are not logged in. Login.

Select reaction:

Beam: Target: Final state:
[any 25
polarization: polarization: polarization:

Select kinematics range:

[] Search for average values
| ¥ Qmax, [GeVI2:
l ' Wmax, [GeV]:
Xmin: [ F' Xmax:
EYmin, [GeV]: l ' Eymax, [GeV]:

Select observables:

Q2% min, [GeV]2:
Wmin, [GeV]:

M.AasblgoB, A.Ha

CTPYKTYpHble PYHK
OZHOMMUOHHOI O POXA,

B E BB

. do/dQ2
tit
Quantity N

measured: —
o_T

o_L/c_T
o TT

Choose the reaction channel and enter (W, Q2) values

B.YecHoKoB - ba3a AaHHbIX 3KcnepumeHTos CLAS inthe ange W: 112 Gell 08 0.25=5 Gelf

Reaction Channel



Polarized Structure Function o, from ep->epn®at 0.4 < Q
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Accessing resonance electrocouplings from the n*np differential
electroproduction off protons cross sections

Contributing mechanisms seen in the data Resonant and non-resonant contri
E. Isupov et al., CLAS Coll., Phys. Rev. C96, 025209 (2017) V.l. Mokeev, V.D. Burkert et al., Phys. Rev. C93, 05
A.Trivedi, Few Body Syst. 60, 5 (2019) (2016).
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JM Model for Analysis of ntn p Photo-/Electroprod

Major objectives: extraction of y,,pN* photo-/electrocouplings and nA, pp decay

T/t [ AT (1232)3/2F, N%(1520)3/2,,
A (1600)3/2*, N°(1680)5/2*

* five channels with

1T unstable intermediate
meson/baryon and dire
n*p production;

p’ * N* contribute to nA
T o nus and pp channels only;

* unitarized Breit-
Wigner ansatz for
resonant amplitudes;

p,c

T, T, ...

* phenomenological
parameterization of th
other meson-baryon

Good description of n*n-p photo-/electroproduction off protons cross sections at 1.4 GeV<W<2
and 0 GeV2<Q?<5.0 GeV?



Roper Resonance in 2002 & 2019

2002 2019
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Electrocouplings of N(1520)3 /2" from Nn and pn n*
Electroproduction off Proton Data
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Consistent results from Nn and n*n'p electroproduction off proton data on \

electrocouplings of N(1440)1/2* and N(1520)3/2" resonances with the biggest combined
contribution into the resonant parts of both channels at W<1.55 GeV strongly support the
capabilities of the developed reaction models for credible extraction of resonance
electrocouplings from independent analyses of both Nn and n*np electroproduction.




W=1.74 GeV

Resonance Photocouplings from the CLAS n*n"p Photoproduction Cross Sections

Fully integrated cross section

E.N. Golovach et al, CLAS

Ll ; p =] Collaboration, Phys. Lett.
2200 g , 3 B788, 371 (2019).
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Resonances  from 77 p PDG ranges  multichannel from 77 p  PDG ranges  multichannel
GeV~—1/2 GeV-~1/2 analysis [[]  GeV~!/2 GeV-~1/2 analysis [7]
GeV—1/2 GeV~1/2
A(1620)1/2~ 29.0+6.2 30 - 60 55+7
N(1650)1/2 60.5£7.7 3555 32+6
N(1680)5/2* —27.8+3.6 -18--5 —1512 128+11 130 - 140 13645
N(1720)3/2* 80.9£11.5 80 - 120 11545 -34.0£7.6 —48 - 135 135440
A(1700)3/2~ 87.2+18.9 100 - 160 165420 87.2+16.4 90 - 170 170+£25
A(1905)5/2* 19.0£7.6 17 - 27 25+5 -43.2+17.3 -55 - =35 —50+£5
A(1950)7/2%  —69.8+14.1 —75 - —65 —67+5 —118.1+19.3 —100 - —-80 —94+4

In 2019 partial update of the Review of Particle Physics the entries on photocouplings and Nz
widths for many resonances with masses >1.6 GeV were revised based on the studies of &
photoproduction with CLAS.
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Interpretation of the Structure at W~1.7 GeV in n*n'p Electro

Two equally successful ways for the data description:

No new states, different than in PDG 02’
N(1720)3/2* Nz= hadronic decay widths:

Ceot, MeV BF(mA) BF(pp)
% %
N(1720)3/2* 12614 64-100 <5
decays fit to the
CLAS Nrnr data
N(1720)3/2* 150-300 | <20 70-85
PDG 02’

new N'(1720)3/2* and regular N(1720)3/2*:

conventional states only, consistent with

implementing N’(1720)3/2* candidate or onl
conventional states with different N(1720)3/2
decays than in PDG 02

c, ub

Q’=0.95 GeV?

~~
.......

Q°=1.30 GeV?

.
..........

l"tot, MeV BF(mA) BF(pp)
% %
N’(1720)3/2* 11916 47-64 3-10.
New
N(1720)3/2* 112+8 39-55 23-49

Conventional

1.4




Evidence for the New N’(1720)3/2" Nucleon Resonance from Combined Studies of
CLAS 77~ p Photo- and Electroproduction Data

V.I. Mokeev®*, V.D. Burkert?®, D.S. Carman?, L. Elouadrhiri®, E. Golovatch”, R.W. Gothe®, K. Hicksd,
B.S. Ishkhanov®, E.L. Isupov®, K. Joo®, N. Markov®¢, E. Pasyuk?®, A. Trivedi®

“Thomas Jefferson National Accelerator Facility, Newport News, Virginia 23606, USA
bSkobeltsyn Institute of Nuclear Physics and Physics Department, Lomonosov Moscow State University, 119234 Moscow, Russia
¢ Unaversity of South Carolina, Columbia, South Carolina 29208, USA
dOhio University, Athens, Ohio 45701, USA
¢ University of Connecticut, Storrs, Connecticut 06269, USA

Published in Physics Letters B
Volume 805, 10 June 2020, 135457



Establishing the N* spectrum - Precision & Polarization are

Hyperon photoproduction yp—K"A—-K pn ol Qg.a
Fit by BnGa group  A.V. Anisovich et al, EPJ A48, 15 (2012) |l
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Mapping DVCS to Gravity

The 2-y field couples to the EMT the same way gravity does.

Graviton p Eoos A8
>
o
G 4 Q
A~y Gp=>p ig_ 0.01 REPULSIVE
J=2 A 8 PRESSURE
p 1
0.005 AP i

CONFINING
:PRESSURE

-

0 02 04 06 08 1 12 14 16 18 2
r(fm)

The pressure distributioninside the proton

DVCS makes mechanical properties accessible to V. D. Burkert &, L. Elouadrhiri & F. X. Girod
experiment

Nature 557, 396-399 (2018) | Cite this article
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Hadron Structure Experiments (E12-09-003, E12-06-108A

N* electroexcitation studies with CLAS12 will address the critical open questions:
How is >98% of hadron mass generated and how is it related to Dynamical Chiral Symmetry

What is the behavior of QCD's running coupling at infrared momenta?

/
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2 | N(1440)1/2" S o4 255 €O |
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CLAS results vs. theory expectations with running quark mass ~ Y-D- Burkert, C.D. Roberts, Rev. Mod. Phys. 9
D.S. Carman, K. Joo, V.l. Mokeev, FBS 6
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CLAS12 current analyses - ep->epm?
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CLAS12 current analyses - ep->epm*m-
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