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CLAS data on meson 
electroproduction at Q2 < 4.0 GeV2

Why  Np/Npp electroproduction channels are important

• Np/Npp channels are the two major 
contributors in N* excitation region;

• these two channels combined are 
sensitive to almost all excited proton 
states; 

• they are strongly coupled by pN→ppN
final state interaction;

• may substantially affect exclusive 
channels having smaller cross 
sections, such as hp, KL, and KS.

Therefore, knowledge on  
Np/Npp electroproduction   
mechanisms  is key for the  
entire N* Program
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Where have all the ps gone?
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No 
Data?

4



Decay Modes
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Decay Modes
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Decay Modes
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Space-Like is not the whole story….

Where are we in understanding the 
time-like and space-like divide?

– Photon/electron beams
– Pion beams
– Electron/positron collisions
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r decay  mode for the
N(1520) and N(1535)
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Two-pion production for the
N(1520) and N(1535)
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Victor Mokeev’s Talk
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The Puzzle of the Proton
• ECT* Workshops are a start (May 2017 + Sept. 2019)
• Special topic session (for NSTAR 2017 and NSTAR 2019) is a 

start 
• GSI Workshop on Electromagnetic Structure of Strange 

Baryons (Oct. 2018) is a start
• The US-Japan Collaboration (JPARC/JLab) White Paper is a 

start.
• The workshop on Baryon Production at BESIII  (Sept 2019, 

Hefei, PRC) is a start. 
• This workshop is a start.

At some point, we must go beyond the starting point for       
unraveling the SL/TL conundrum of excited baryons



LOI: NSF PIRE  Submitted: Sept 8, 2016
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Experimental/Theory/Phenomenology for
q2 < 0, q2 = 0, q2 > 0 (space-like/photon/time-like)
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Experimental/Theory/Phenomenology for
q2 < 0, q2 = 0, q2 > 0 (space-like/photon/time-like)
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LOI “Crossing the boundaries to explore baryon resonances” was submitted Oct. 5, 2017 to the 
steering committee of the H2020 European Integrating Initiative in Hadron Physics.
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Report on the ECT* Workshop:
Space-like and time-like electromagnetic baryonic transitions  

https://indico.in2p3.fr/event/14330/overview 
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Reason for the Workshop

This ECT* workshop brought together several different 
experimental and theoretical communities, whose research 

spans the kinematical regimes in q2 between                           
the space-like and time-like regions

• q2 = 0 [anchor point] photon-beam (unpolarized & linearly-
and circularly polarized experiments (ELSA, JLab, LEPS, & MAMI) 

• q2 > 0 [time-like] meson-beam experiments (GSI and J-PARC)
proton-antiproton beam experiments (FAIR)

• q2 < 0 [space-like] electron-beam experiments (JLab)

P.L. Cole       APCTP        July 21, 2021



Our Research Vision

We sought to bring together a representative sample                    
of experimental, phenomenology, and theory groups,       
who are working on the nucleon resonance problem.

• Discuss the direction on the study of understanding                 
the underlying structure of nucleons in terms of the    
time-like and space-like electromagnetic baryonic form 
factors and transitions;

• Delineate the spectrum of excited baryon states;

• Describe and detail how quarks are confined and           
acquire mass through the mechanism of dynamical             
chiral symmetry breaking. 

P.L. Cole       APCTP        July 21, 2021



Confirmed Speakers at ECT* (SL/TL)  and at NSTAR 2019

• Daniele Binosi (ECT* Trento)
• Vladimir Braun (University of Regensburg)   
• William Briscoe (George Washington University) 
• Susanna Costanza (University of Pavia)
• Annalisa D’Angelo (University of Rome) 
• Michael Döring (George Washington University)
• Christian Fischer (University of Giessen)
• Bengt Friman (TU Darmstadt) 
• Tetyana Galatyuk (TU Darmstadt)
• Leonid Glozman (University of Graz)
• Ralf Gothe (University of South Carolina) 
• Kyungseon Joo (University of Connecticut)
• Helmut Haberzettl (George Washington University)
• Hiroyuki Kamano (Osaka University) 
• Eberhard Klempt (University of Bonn) 
• Stefan Leupold (Uppsula University)

• Victor Nikonov (University of Bonn and PNPI, Gatchina)
• Teresa Peña (IST Lisbon)  
• Ralph Rapp (Texas A&M University)
• Hiroyuki Sako (JAEA)  
• Piotr Salabura (Jagiellonian University in Krakow) 
• Hartmut Schmieden (University of Bonn) 
• Karin Schönning (Uppsula University)
• Federico Scozzi (IPN Orsay and TU Darmstadt)
• Kirill Semenov-Tyan-Shanskiy (PNPI, Gatchina) 
• Igor Strakovsky (George Washington University) 
• Joachim Stroth (Goethe University Frankfurt)
• Annika Thiel (University of Bonn)
• Lothar Tiator (University of Mainz)
• Ralf-Arno Tripolt (ECT* Trento) 
• Jochen Wambach (TU Darmstadt and ECT* Trento) 

+ The SL/TL ECT* Organizers:  Philip Cole, Béatrice Ramstein, and Andrey Sarantsev
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Following topics were covered

• Electromagnetic baryon excitations through meson electroproduction

• Theoretical approaches for baryon transition form factors in the 
space-like region  

• Baryon spectroscopy from photoproduction and meson beam 
experiments 

• Amplitude analysis and extraction of baryonic resonances properties 

• Electromagnetic transitions through dilepton production

• Unified description of space-like and time-like baryon 
electromagnetic transitions

• Vector mesons in medium 

• Prospects for future experimental studies
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Physics Opportunities with Meson Beams
William J. Briscoe (GW), Michael Döring (GW), Helmut Haberzettl (GW), D. Mark Manley (KSU), Megumi 
Naruki (Kyoto Univ.), Igor I. Strakovsky (GW), Eric S. Swanson (Univ. of Pittsburgh)

(Submitted on 26 Mar 2015)

Over the past two decades, meson photo- and electro-production data of unprecedented quality and quantity have
been measured at electromagnetic facilities worldwide. By contrast, the meson-beam data for the same hadronic final
states are mostly outdated and largely of poor quality, or even nonexistent, and thus provide inadequate input to help
interpret, analyze, and exploit the full potential of the new electromagnetic data. To reap the full benefit of the high-
precision electromagnetic data, new high-statistics data from measurements with meson beams, with good angle and
energy coverage for a wide range of reactions, are critically needed to advance our knowledge in baryon and meson
spectroscopy and other related areas of hadron physics. To address this situation, a state of-the-art meson-beam facility
needs to be constructed. The present paper summarizes unresolved issues in hadron physics and outlines the vast
opportunities and advances that only become possible with such a facility.
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Coupled-channels picture of  resonance excitation 
[Motivation]

T=

TpN®pN ThN®pN TgN®pN TrN®pN TsN®pN TKL®pN TKS®pN

TpN®hN ThN®hN TgN->hN TrN®hN TsN®hN TKL®hN TKS®hN

TpN®gN ThN®gN TgN®gN TrN®gN TsN®gN TKL®gN TKS->gN
TpN®rN ThN®rN TgN®rN TrN®rN TsN®rN TKL®rN TKS®rN

TpN®sN ThN®sN TgN®sN TrN®sN TsN®sN TKL®sN TKS®sN

TpN®KL ThN®KL TgN®KL TrN®KL TsN®KL TKL®KL TKS®KL

TpN®KS ThN®KS TgN®KS TrN®KS TsN®KS TKL®KS TKS®KS

The same N* resonance must 
be found in different reaction 
channels in a consistent way!

pN
ppN

gN ® N* ® hN
KΛ
KΣ
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• N*s are broadly overlapping
• Hard to disentangle without polarization observables

Baryon resonances (N*s and D*s)
s

(m
b)
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Structure of excited baryons
§ effective degrees of freedom  
§ transition charge densities
§ running quark mass 

=> nature of states

N(1675)5/2-
N(1520)3/2-
N(1535)1/2-

N(1440)1/2+
N(1710)1/2+

Δ(1232)3/2+
N(940)1/2+

L3q

0

1
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2

N [ħω]

N(1680)5/2+

e

e
’ γv
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N*,△*

A1/2, A3/2, S1/2 

E1+, M1+, S1+ 

π, η, ππ, K

[70,1-]1

[56,2+]2

[70,0+]0

[56,0+]0

Q

I.G. Aznauryan et al., Analysis of p(e,e’Nπ);  V.I. Mokeev et al., Analysis of p(e,e’pπ+π-) 
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The helicity amplitudes are related to the matrix
elements of the electromagnetic current via:

Transverse 
• A1/2
• A3/2

Longitudinal
• S1/2

½:   <N*,Sz*=+½|εμ
(+)Jμ

em|N,Sz=−½>

3/2:   <N*,Sz*=+3/2|εμ
(+)Jμ

em|N,Sz=+½>

½:   <N*,Sz*=+½|εμ
(0)Jμ

em|N,Sz=+½>

Electroproduction
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Electromagnetic form factors

Exploration of higher q2 with CLAS12 Limit at q2=0 given by real photon decay

n 4mee
2 <q2 <(MR-Mn)2
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Role of quark core and meson cloud in the TL region ?

Béatrice Ramstein – This Conference



Teresa Peña ECT* 2017

Space-like q2 < 0 Time-like q2 > 0
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N(1535)1/2- CLAS (SL)
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Daniel S. Carman, Kyungseon Joo, and Victor I. Mokeev, Few-Body Systems  (2020) 61:20
30



N(1535)1/2-
• Let’s compare  TL and SL for the N(1535)1/2-

• We observe that
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N(1535)1/2-
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N(1535)1/2- CLAS (SL)
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N(1535)1/2- CLAS (SL) + TL
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Continuation from the Space-like to the Time-like regime
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Discussion Focus and Ultimate Goals

1. Establish the nucleon excitation spectrum and reaction models with 
emphasis on the high-mass region and gluonic excitations;

2. Measure space-like and time-like baryonic transition form factors, and 
thereby quantify the role of the active degrees of freedom in the 
nucleon excitation spectrum;

3. Pin down the dressed-quark mass as a function of quark momentum, 
which will critically deepen our understanding of mass generation 
dynamics and emergence of quark-gluon confinement. 

4. Provide the analysis tools to enable comparisons of future lattice QCD 
simulations with experimental results.

Should we write a White Paper? 
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Message to take home. 

Why N*s are important.  (quoted from Nathan Isgur1,2)

•The first is that nucleons are the stuff of which our 
world is made.
•My second reason is that they are the simplest system 
in which the quintessentially nonabelian character of 
QCD is manifest.

•The third reason is that history has taught us that, 
while relatively simple, baryons are sufficiently 
complex to reveal physics hidden from us in the 
mesons”

1Workshop on Excited Nucleons and Hadronic Structure (2000).
2Baryon Spectroscopy, E. Klempt and J.-M. Richard, arXiv:0901.2055v1[hep-ph]1 4 Jan 2009

We need to spread the word to lay and expert audiences alike that 
excited baryon research is indeed exciting and crucial to science.
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Some Questions to Ponder
1. How to compare Helicity Amplitudes between SL and TL?
2. Can the data in the SL region afford constraints for those in the 

TL regime? (e.g. Covariant Spectator Theory, Teresa Peña and 
Gilberto Ramalho).

3. What is the relationship between the density matrix elements 
for SL à TL?  Again, do they offer any constraints on the Helicity 
Amplitudes between the SL and TL regimes?

4. Will there be scaling in q2  > 0 and q2  < 0 (i.e. Q2 > 0)?
5. Can we find a consistent ab initio approach for the QCD d.o.f. in 

determining the SL and TL transition FFs?
6. What role does the MB Cloud play? (again, for SL and TL)?  And 

how to separate?  [Through comparing to other models?]
7. What are the relevant d.o.f. as a function of q2 for the SL and TL 

regimes?
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J-PARC Opportunity [!]
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We have the  opportun i ty
to  run  45  sh i f ts  at  the

K1.8 beaml ine at J -PARC

• pN ➝ pN
• pN➝ ppN
• pN➝ KY

W:  1.54 to 2.15 GeV
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