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o CLAS/CLAS12 N* Program
o Prospects for N* program at 24 GeV
o JLab Upgrade and “CLAS24” Considerations
o Summary/Concluding Remarks
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The N* program is one of the key physics foundations of Hall B

• CLAS & CLAS12 were designed to study exclusive reaction channels 
over a broad kinematic range:

pN, wN, fN, hN, h’N, ppN, KY, K*Y, KY*

• Goal is to explore the spectrum of N* states and their structure
- Probe their underlying degrees of freedom via studies of the Q2

evolution of the electroproduction amplitudes
- these amplitudes do not depend on the decay channel but different final 

states have different hadronic decay parameters and backgrounds
- provide insight into the strong interaction in the regime of large QCD 

running coupling from the electrocouplings of different N* states

Hall B N* Program Overview

N* degrees of freedom??

The Q2 evolution of the extracted N* electrocouplings offers 
unique insights into the emergence of hadron mass (EHM)
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Excited Nucleon Structure
• N* structure is more complex than what can be described accounting for quark degrees of 

freedom only

• Studies of the gvNN* electrocouplings from low to high Q2

probe the detailed structure of the N* states
- The momentum dependence of the underlying degrees of freedom 

shapes the structure of N* states and the Q2 evolution of the 
electrocouplings

- The electrocouplings are the only source of information on many 
facets of the non-perturbative strong interaction in the generation 
of different N* states

structure well described by adding 
an external M-B cloud to quark core

A1/2 , A3/2 – transverse
S1/2 - longitudinal

(Q2 < 2 GeV2) (Q2 > 5 GeV2)

quark core dominates; transition 
from confinement to pQCD regimes

3q core + M-B cloud      3q core           pQCD

low Q2 high Q2
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N* Electrocouplings from CLAS
N(1520)3/2-N(1440)1/2+

Q2 (GeV2) Q2 (GeV2)

V.D. Burkert, FBS 57, 873 (2016)

• Electrocouplings reveal different interplay between meson-baryon cloud and quark core:
- Good agreement of the extracted N* electrocouplings from Np and Npp:

- Compelling evidence for the reliability of the results
- Channels have very different mechanisms for the non-resonant background
- KY channels hold promise to enable comparisons to Npp for higher-lying states where Np coupling is small

• Data on the electrocouplings over broad range of Q2 are needed in order to:
- Map out the transition from meson-baryon to confined quark degrees of freedom 
- Gain fundamental insight into strong QCD dynamics that underlines hadron mass generation
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CLAS Electrocoupling Extraction

Reaction
Channel N*, D* States

p0p, p+n D(1232)3/2+, N(1440)1/2+,
N(1520)3/2-, N(1535)1/2-

p+n N(1675)5/2+, N(1680)5/2+, 
N(1710)1/2+

hp N(1535)1/2-

p+p-p N(1440)1/2+, N(1520)3/2-

D(1620)1/2-, N(1650)1/2-, 
N(1680)5/2+, D(1700)3/2-, 
N(1720)3/2+, N’(1720)3/2+
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Emergence of Hadron Mass

Standard Model paradigm:
• Proton is described by QCD … 3 valence quarks
• Pion is also described by QCD … 1 valence quark and 

1 valence antiquark

Why is ≈ 1 GeV proton mass paired with ≈ 1/7 GeV 
pion mass in the same theory of Nature?

• Ground/excited state nucleons probe EHM in an arena where 
the sum of the dressed quark masses is the dominant 
contribution to the physical mass

• Studies of differences p vs. K structure are also critical to 
unravel/test separation of emergent and Higgs mechanisms 
(AMBER@CERN, EIC/EicC)   

• Consistent results on the momentum evolution of the dressed 
quark mass function from studies of baryons and mesons are 
of importance for the validation of insight into EHM

Courtesy of 
C.D. Roberts

confinement regime: constituent quark mass

Momentum (k), GeV

approaching bare 
Higgs mechanism 

mass 

dressed 
quark

bare quark

dressing  kernel

M=M(p) m0=mHM

Effective quark mass 
depends on its momentum

Dressed
gluons

Dressed 
quarks
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Data Results vs. QCD Expectations

CSM calculations

J. Segovia, PRL 115, 
171801 (2015)
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Description of pion, nucleon elastic FF and D(1232)3/2+, 
N(1440)1/2+, D(1600)3/2+ electrocouplings achieved with 

the same dressed quark mass function

Q2 (GeV2) Q2 (GeV2)

Q2 (GeV2)Q2 (GeV2)

C.D. Roberts et al., Prog. Part. 
Nucl. Phys. 120, 103883 (2021)

C.D. Roberts, Symmetry 
12, 1468 (2020)

continuum QCD predictions:
- Ya Lu et al., Phys. Rev. D 100, 034001 (2019)
Experimental ep → e’pp+p- data from CLAS:
- V. Mokeev, AMBER@CERN-VII Workshop

Together these different results confirm the CSM predictions, 
solidifying evidence for the momentum evolution of the dressed 
quark mass and its role in describing the emergence of hadron 
mass

D(1600)3/2+ Electrocouplings
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CLAS12 N* Program 
• Measure exclusive electroproduction of Np, Nh, Npp, KY final states from an unpolarized 

proton target with longitudinally polarized electron beam

Eb = 6.6, 8.8, 11 GeV, Q2 = 0.05 → 12 GeV2, W → 3.0 GeV, cos qm* = [-1:1]

E12-09-003 Nucleon Resonance Studies with CLAS12
E12-06-108A KY Electroproduction with CLAS12
E12-16-010A N* Studies Via KY Electroproduction at 6.6 and 8.8 GeV
E12-16-010 A Search for Hybrid Baryons in Hall B with CLAS12

2. Understand active degrees of freedom that account 
for N* structure vs. distance scale:
• explore dynamical structure of N* states from low to high 

Q2 – meson-baryon cloud to quark degrees of freedom
• expect precision in electroproduction to match 

photoproduction for Q2 < 2-3 GeV2

1. Study higher-lying N* states:
• confirm signals of new baryon states observed in gp → KY 
• search for predicted qqqg hybrid baryons

3. Probe quark dressing effects and di-quark 
correlations in N* structure:
• important aspect of N* structure and electrocoupling 

amplitudes
• provide insight into emergence of hadron mass vs. Q2

• different N* quantum numbers allow study of 
different qq correlations

RG-A

Spr. 18 
126 mC

10.4 GeV,
10.6 GeV

Fall 18 
99 mC
Spr. 19 
58 mC

RG-K Fall 18 
28 mC

6.5 GeV, 
7.5 GeV

50% of total

10% of total
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Solenoid

Torus

CLAS12 Spectrometer
High Threshold Cherenkov 

Forward Tagger
Drift Chambers

Low Threshold Cherenkov
Ring Imaging Cherenkov
Forward Time of Flight

EM Calorimeter

Beamline
Target
Central Vertex Tracker
Central Time of Flight
Central Neutron Detector
Back-Angle Neutron 
Detector

C
E
N
T
R
A
L

F
O
R
W
A
R
D

beam

Forward Central

Angular 
coverage

5o – 35o 35o – 135o

Momentum
resolution

dp/p < 1% dp/p < 5%

q resolution 1 mrad 5 – 10 mrad

f resolution 1 mrad/sinq 5 mrad/sinq

Lmax = 1035 cm�2s�1
<latexit sha1_base64="xln4pkwkRvaPIgNjcRIb2MQGpb0="></latexit><latexit sha1_base64="xln4pkwkRvaPIgNjcRIb2MQGpb0="></latexit><latexit sha1_base64="xln4pkwkRvaPIgNjcRIb2MQGpb0="></latexit><latexit sha1_base64="xln4pkwkRvaPIgNjcRIb2MQGpb0="></latexit>
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Hall B “CLAS24” Upgrade
Tracking:
• AI-based cluster finder; necessary 

to keep tracking efficiency e >  85% 
for higher luminosity operations

DAQ:
• Present operation 20 kHz, 200 MB/s, 90 L.T.
• Push to 30 kHz, 1 GB/s
• Develop L3 trigger to reduce output to 

tape/storage

• Inclusion of new high-resolution µ-strip 
detectors (µRWell) to separate track 
from background hit segments

Beamline:
• Beam currents to few µA
• Pb > 80%
• Maintain beam stability 

and emittance specs
• Upgrade instrumentation
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Hall B “CLAS24” Upgrade
ECAL:
• Shower containment of 22 R.L. 

– should work for Eb=24 GeV

FTOF:
• Higher ℒ⇒ higher PMT currents 
⇒ reduced PMT life

RICH:
• Currently in only 2 of 6 sectors; 

momentum range of PID superior to 
FTOF alone

HTCC:
• Designed for e/p separation
• pp thr @ ~4.5 GeV

Central Detector:
• r = 25 cm; rate limitations vs. ℒ
• Detailed studies needed for 

CTOF, CND, CVT 

Other Considerations:

• Entirely new large-acceptance detector not
realistic 

Strategy: consider smaller-scale upgrades
V. Burkert - Messina workshop – Mar. 22

FTOF
4s

sep.

p/K 2.8 GeV

K/p 4.8 GeV

p/p 5.4 GeVCTOF
3s

sep.

p/K 0.58 GeV

K/p 0.93 GeV

p/p 1.14 GeV



Daniel S. Carman Page 11Hadron Spectroscopy Workshop – June 16-17, 2022

Hall B “CLAS24” Upgrade – Scattered Electron
The electroproduction cross section for any exclusive meson 
production reaction falls off rapidly vs. Q2

Q2 (GeV2)

ds
/d
W
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)

Over the range of Q2 accessible at Eb=24 GeV, the 
cross section drops by ~6 orders of magnitude

CLAS24 extension
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Work in progress:
• Simulation studies in progress for a 

number of exclusive channels: 
• p+n, p0p, p+p-p, K+L, K+S0, (e,e’X)

• Goals:
• Determine necessary collected 

charge for a viable experiment
• Optimize CLAS24 configuration
• Develop analysis approach for 

exclusive processes

This drives the necessary luminosity for the experiment –
consideration of 𝓛 ⪆ 1036 cm-2s-1
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Hall B “CLAS24” Upgrade - Hadrons

• Current CLAS12 momentum resolution is ~1%
• Doubling the energy likely precludes missing mass analysis for high purity signal 

separation
• Improvements in acceptance can compensate to a degree (and needs study)
• The two-body acceptance for “CLAS24” e’h± is ~20% and for e’h1

±h2
± is ~5% with 

unchanged CLAS12 configuration
• The initial steps would be an extension of the program with CLAS12 with 

improvements in tracking, vertexing, and PID 

Test study: e + p → e’ + K+ + Y, Y = L, S0
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JLab – Luminosity Frontier
Energy and luminosity increase are needed in order to obtain information on the gvpN* electrocouplings at 
Q2>10 GeV2, allowing us to map out the momentum dependence of the dressed quark mass within the entire 
range of distances where the dominant part of hadron mass is generated  

The electroproduction measurements 
foreseen at JLab in Hall B after 
completion of the 12 GeV program:

• Beam energy (~)24 GeV
• Nearly 4p coverage

Both EIC and EIcC would need much higher 
luminosity to carry out such a program

The luminosity “frontier” is a unique
advantage of JLab 

Dressed
gluons

Dressed 
quarks

CLAS

CLAS12

CLAS24

p =
p

Q2/3
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Continuum Schwinger
Method

• High luminosity
• Studies of exclusive reactions

k / GeV
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Hadron Structure Studies with CLAS24

https://userweb.jlab.org/~carman/clas24

List of Participating Institutions:
• Jefferson Lab (Hall B and Theory Division)
• University of Connecticut
• Genova University and INFN of Genova
• Lamar University
• Ohio University
• Skobeltsyn Nuclear Physics Institute and Physics Department at 

Lomonosov Moscow State University
• University of South Carolina
• INFN Sez di Roma Tor Vergata and Universita di Roma Tor Vergata 
• Nanjing University and affiliated institutes
• Tubingen University
• Tomsk State University and Tomsk Polytechnic University
• James Madison University
• George Washington University

Hadron Structure Group in Hall B developing 
physics case to support CLAS24 upgrade
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Concluding Remarks
• The study of N* states is one of the key foundations of the CLAS physics program:

- CLAS has provided a huge amount of data up to Q2 ~ 5 GeV2 - electrocouplings of most N* states 
<~1.8~GeV have been extracted from these data for the first time

• The CLAS12 N* program is extending these studies for 0.05 < Q2 < 12 GeV2:
- Analysis of the collected data is underway and advancing well
- Experimental results on N* electrocouplings from different final states will provide new insights into 

strong QCD and validate insight into the emergence of hadron mass (EHM)
- Studies of the hadron sector are complementary to studies in the meson sector

• A possible CLAS24 N* program will provide a culmination to this work:
- Bridging the gap between 12 GeV and EIC energies (20-140 GeV) will provide information on the dressed 

quark mass function at the full range of distances where dominant part of hadron mass is generated
- Program addresses the most challenging problems of the Standard Model on the nature of >98% of 

hadron mass and quark-gluon confinement
- Capability to measure exclusive reactions for Q2 to ~30 GeV2 at 𝓛 > 1036 cm-2s-1 and 4p coverage will 

make JLab24 the ultimate QCD machine to explore hadron generation in the strong QCD regime
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Backup Slides
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CLAS N* Program Measurement Overview

“Mining” of old CLAS data continues 
with several analyses still ongoing
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D(1600)3/2+ Electrocouplings from CLAS
Gtot, MeV G pD, MeV G rp, MeV Mass, GeV

248±25
259±21

158±25
169±22

0
0

1.564±0.026
1.57±0.018

BF 48-82%
52-81%

0
0

The CLAS D(1600)3/2+ electrocoupling results confirm the CSM prediction, solidifying evidence for the 
momentum evolution of the dressed quark mass and its role in describing the emergence of hadron mass

ep → e’ p p+ p- data from CLAS
W fit range: [1.51 : 1.61] GeV:  

blue: 2.0 < Q2 < 3.5 GeV2

red:  3.0 < Q2 < 5.0 GeV2

continuum QCD predictions (CSM), Ya Lu et al., Phys. Rev. D 100, 034001 (2019)

V. Mokeev, AMBER@CERN-VII Workshop
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Connecting to Electrocoupling Amplitudes
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• Cross sections of resonance r of mass Mr and width Gtot(Mr) = Gr and spin Jr:

• The electromagnetic decay widths (N*→ Ng) at the resonance point W=Mr are given by:
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X
<latexit sha1_base64="lrvCrHlKBonGKDaHU62TyTCdu74=">AAAB6nicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoN6KXjxWcG2hXUo2zbahSXZJskJZ+he8eFDx6i/y5r8x2+5Bqw8GHu/NMDMvSgU31vO+UGVldW19o7pZ29re2d2r7x88mCTTlAU0EYnuRsQwwRULLLeCdVPNiIwE60STm8LvPDJteKLu7TRloSQjxWNOiS2kvsnkoN7wmt4c+C/xS9KAEu1B/bM/TGgmmbJUEGN6vpfaMCfacirYrNbPDEsJnZAR6zmqiGQmzOe3zvCJU4Y4TrQrZfFc/TmRE2nMVEauUxI7NsteIf7n9TIbX4Y5V2lmmaKLRXEmsE1w8Tgecs2oFVNHCNXc3YrpmGhCrYun5kLwl1/+S4Kz5lXTvztvtK7LNKpwBMdwCj5cQAtuoQ0BUBjDE7zAK5LoGb2h90VrBZUzh/AL6OMbnwaOJw==</latexit><latexit sha1_base64="lrvCrHlKBonGKDaHU62TyTCdu74=">AAAB6nicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoN6KXjxWcG2hXUo2zbahSXZJskJZ+he8eFDx6i/y5r8x2+5Bqw8GHu/NMDMvSgU31vO+UGVldW19o7pZ29re2d2r7x88mCTTlAU0EYnuRsQwwRULLLeCdVPNiIwE60STm8LvPDJteKLu7TRloSQjxWNOiS2kvsnkoN7wmt4c+C/xS9KAEu1B/bM/TGgmmbJUEGN6vpfaMCfacirYrNbPDEsJnZAR6zmqiGQmzOe3zvCJU4Y4TrQrZfFc/TmRE2nMVEauUxI7NsteIf7n9TIbX4Y5V2lmmaKLRXEmsE1w8Tgecs2oFVNHCNXc3YrpmGhCrYun5kLwl1/+S4Kz5lXTvztvtK7LNKpwBMdwCj5cQAtuoQ0BUBjDE7zAK5LoGb2h90VrBZUzh/AL6OMbnwaOJw==</latexit><latexit sha1_base64="lrvCrHlKBonGKDaHU62TyTCdu74=">AAAB6nicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoN6KXjxWcG2hXUo2zbahSXZJskJZ+he8eFDx6i/y5r8x2+5Bqw8GHu/NMDMvSgU31vO+UGVldW19o7pZ29re2d2r7x88mCTTlAU0EYnuRsQwwRULLLeCdVPNiIwE60STm8LvPDJteKLu7TRloSQjxWNOiS2kvsnkoN7wmt4c+C/xS9KAEu1B/bM/TGgmmbJUEGN6vpfaMCfacirYrNbPDEsJnZAR6zmqiGQmzOe3zvCJU4Y4TrQrZfFc/TmRE2nMVEauUxI7NsteIf7n9TIbX4Y5V2lmmaKLRXEmsE1w8Tgecs2oFVNHCNXc3YrpmGhCrYun5kLwl1/+S4Kz5lXTvztvtK7LNKpwBMdwCj5cQAtuoQ0BUBjDE7zAK5LoGb2h90VrBZUzh/AL6OMbnwaOJw==</latexit><latexit sha1_base64="lrvCrHlKBonGKDaHU62TyTCdu74=">AAAB6nicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoN6KXjxWcG2hXUo2zbahSXZJskJZ+he8eFDx6i/y5r8x2+5Bqw8GHu/NMDMvSgU31vO+UGVldW19o7pZ29re2d2r7x88mCTTlAU0EYnuRsQwwRULLLeCdVPNiIwE60STm8LvPDJteKLu7TRloSQjxWNOiS2kvsnkoN7wmt4c+C/xS9KAEu1B/bM/TGgmmbJUEGN6vpfaMCfacirYrNbPDEsJnZAR6zmqiGQmzOe3zvCJU4Y4TrQrZfFc/TmRE2nMVEauUxI7NsteIf7n9TIbX4Y5V2lmmaKLRXEmsE1w8Tgecs2oFVNHCNXc3YrpmGhCrYun5kLwl1/+S4Kz5lXTvztvtK7LNKpwBMdwCj5cQAtuoQ0BUBjDE7zAK5LoGb2h90VrBZUzh/AL6OMbnwaOJw==</latexit>

+
X

<latexit sha1_base64="x+ZMPsSwpkjvsxSHcTQB9amdm9E=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRZBEMquFNRb0YvHCq6ttEvJptk2NMkuSVYoS/snvHhQ8erf8ea/MW33oK0PBh7vzTAzL0w408Z1v53Cyura+kZxs7S1vbO7V94/eNBxqgj1Scxj1QqxppxJ6htmOG0limIRctoMhzdTv/lElWaxvDejhAYC9yWLGMHGSo9naDKZdHQquuWKW3VnQMvEy0kFcjS65a9OLyapoNIQjrVue25iggwrwwin41In1TTBZIj7tG2pxILqIJsdPEYnVumhKFa2pEEz9fdEhoXWIxHaToHNQC96U/E/r52a6DLImExSQyWZL4pSjkyMpt+jHlOUGD6yBBPF7K2IDLDCxNiMSjYEb/HlZeKfV6+q3l2tUr/O0yjCERzDKXhwAXW4hQb4QEDAM7zCm6OcF+fd+Zi3Fpx85hD+wPn8AQ5MkB4=</latexit><latexit sha1_base64="x+ZMPsSwpkjvsxSHcTQB9amdm9E=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRZBEMquFNRb0YvHCq6ttEvJptk2NMkuSVYoS/snvHhQ8erf8ea/MW33oK0PBh7vzTAzL0w408Z1v53Cyura+kZxs7S1vbO7V94/eNBxqgj1Scxj1QqxppxJ6htmOG0limIRctoMhzdTv/lElWaxvDejhAYC9yWLGMHGSo9naDKZdHQquuWKW3VnQMvEy0kFcjS65a9OLyapoNIQjrVue25iggwrwwin41In1TTBZIj7tG2pxILqIJsdPEYnVumhKFa2pEEz9fdEhoXWIxHaToHNQC96U/E/r52a6DLImExSQyWZL4pSjkyMpt+jHlOUGD6yBBPF7K2IDLDCxNiMSjYEb/HlZeKfV6+q3l2tUr/O0yjCERzDKXhwAXW4hQb4QEDAM7zCm6OcF+fd+Zi3Fpx85hD+wPn8AQ5MkB4=</latexit><latexit sha1_base64="x+ZMPsSwpkjvsxSHcTQB9amdm9E=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRZBEMquFNRb0YvHCq6ttEvJptk2NMkuSVYoS/snvHhQ8erf8ea/MW33oK0PBh7vzTAzL0w408Z1v53Cyura+kZxs7S1vbO7V94/eNBxqgj1Scxj1QqxppxJ6htmOG0limIRctoMhzdTv/lElWaxvDejhAYC9yWLGMHGSo9naDKZdHQquuWKW3VnQMvEy0kFcjS65a9OLyapoNIQjrVue25iggwrwwin41In1TTBZIj7tG2pxILqIJsdPEYnVumhKFa2pEEz9fdEhoXWIxHaToHNQC96U/E/r52a6DLImExSQyWZL4pSjkyMpt+jHlOUGD6yBBPF7K2IDLDCxNiMSjYEb/HlZeKfV6+q3l2tUr/O0yjCERzDKXhwAXW4hQb4QEDAM7zCm6OcF+fd+Zi3Fpx85hD+wPn8AQ5MkB4=</latexit><latexit sha1_base64="x+ZMPsSwpkjvsxSHcTQB9amdm9E=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRZBEMquFNRb0YvHCq6ttEvJptk2NMkuSVYoS/snvHhQ8erf8ea/MW33oK0PBh7vzTAzL0w408Z1v53Cyura+kZxs7S1vbO7V94/eNBxqgj1Scxj1QqxppxJ6htmOG0limIRctoMhzdTv/lElWaxvDejhAYC9yWLGMHGSo9naDKZdHQquuWKW3VnQMvEy0kFcjS65a9OLyapoNIQjrVue25iggwrwwin41In1TTBZIj7tG2pxILqIJsdPEYnVumhKFa2pEEz9fdEhoXWIxHaToHNQC96U/E/r52a6DLImExSQyWZL4pSjkyMpt+jHlOUGD6yBBPF7K2IDLDCxNiMSjYEb/HlZeKfV6+q3l2tUr/O0yjCERzDKXhwAXW4hQb4QEDAM7zCm6OcF+fd+Zi3Fpx85hD+wPn8AQ5MkB4=</latexit>

e′

e



Daniel S. Carman Page 20Hadron Spectroscopy Workshop – June 16-17, 2022

Evolution of the N* Spectrum
State
N(mass)JP

PDG 
2010

PDG
2020 pN KΛ KΣ gN

N(1710)1/2+ *** **** **** ** * ****

N(1875)3/2- *** ** * * **

N(1880)1/2+ *** * ** ** **

N(1895)1/2- **** * ** ** ****

N(1900)3/2+ ** **** ** ** ** ****

N(2000)5/2+ * ** * **

N(2060)5/2- *** ** * * ***

N(2100)1/2+ * *** *** * **

N(2120)3/2- *** ** ** * ***

D(1600)3/2+ *** **** *** ****

D(1900)1/2- ** *** *** ** ***

D(2200)7/2- * *** ** ** ***
Decisive impact from CLAS KY photoproduction 

data - Extend studies to 2p and KY 
electroproduction and to higher masses 

Recent LQCD predictions support CQM         

Löring, Metsch, Petry, Eur. Phys. J. A 10, 395 (2001)

RCQM

Dudek, Edwards, PRD 85, 054016 (2012)

missing N* states
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Hunting for Glue in Excited Baryons

LQCD predicts hybrid
baryons in N* spectrum

The hybrid nature of baryons appears in the 
Q2 evolution of their transition amplitudes
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Can glue be a structural component of excited baryon states??

1.3 GeV
regular states

hybrid states

M
/G

eV

N*
q3g

q3 Black curves: q3 model 
Red curves: q3g model 

A1/2 S1/2

0             1             2             3            4             5 0             1             2             3             4             5      

Q2 (GeV2)Q2 (GeV2)

JLab LQCD group results 
mp=396 MeV

The signatures for hybrid baryons include:
• Extra resonances with Jp=1/2+, 3/2+ in mass range 

2.0-2.5 GeV and decays into Nππ or KY final states 
• Drop of A1/2(Q2) and A3/2(Q2) faster than for 

ordinary 3q states due to extra glue-component in 
valence structure 

• Suppressed S1/2(Q2) relative to A1/2(Q2) transverse 
amplitude

N(1440)1/2+

Quark model predictions on the Q2 evolution of the 
electrocouplings are necessary for hybrid identification

Z.P. Li, V. Burkert, Z.J Li, PRD 46, 70 (1992)
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Reaction Models

W
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g*

B BN N

M M

Single Channel Models:
- Simplicity (isobar, effective Lagrangian, multipoles)
- Single framework to study different channels
- Not a complete physics model but have proven to be 

useful and relevant

Coupled-Channel Models:
- Simultaneous fits to multiple independent channels
- Treatment of FSI and re-scattering effects

Coupled-channel approaches: 
ANL-Osaka (EBAC), Dubna-Mainz-Taipei, Julich-Bonn

g*

M

MB

B
M*

D.S. Carman, K. Joo, V.I. Mokeev, FBS 61, 29 (2020)

Resonances:
• Select N* states for inclusion (J=1/2, 3/2, 5/2)
• EM form factors from Bonn CQM
• Constrain electrocouplings to available data
• Fit to data to fix parameters (decay widths, couplings strengths)
Background:
• Model amplitude for non-resonant diagrams (t- and u-channel) 
• Parameterize by coupling strengths/phases
• Tune to high-energy data above the resonance region


