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Degrees of freedom: Quarks or hadrons?



  

The Missing Resonance Problem

Overviews: Crede, Roberts, Rep. Prog. Phys. 76 (2013)
Aznauryan et al., Int. J. Mod. Phys. E 22 (2013)



Hybrid Baryons

J.J. Dudek and R.G. Edwards,  
PRD85 (2012) 

Hybrid states: same JP values as q3 baryons. 
Identification?  Measure Q2 dependence of 
electro-couplings (CLAS 12)

LQCD 

 ‘hybrid’ states

[parts of slide courtesy of V. Burkert]
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LF RQM:  Aznauryan, Burkert (2016)
DSE: Segovia, Roberts, PRC (2016)
EFT: Bauer, Scherer, Tiator, PRC (2014)
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Oset, Ramos (1998)
Mai, Meißner (2015)

Sadasivan, Mai, M. D. (2019)

● QCD at low energies → mass generation & confinement 

● Non-perturbative dynamics → rich spectrum of excited states

Q1: how many are there? (missing resonance problem)

Q2: what are they? (2-quark/3-quark, hadron molecules, 

exotics,...)

DSE (Wilson, Cloet, Chang, Roberts)

(In principle)

Talks on Thursday by
Maxim Mai and Daniel
Sadasivan



  

New results in dynamical quark picture

[parts of slide courtesy of G. Eichmann, Few Body 2018]

Poincaré-covariant 
analysis of heavy-
quark baryons, Qin, 
Roberts, Schmidt, 
PRD (2018)
Spectrum of light- and 
heavy-baryons, Qin, 
Roberts, Schmidt, 
Few Body Syst. 60 
(2019)



Manifestly gauge invariant approach based on full BSE solution
[Ruic, M. Mai, U.-G. Meissner   PLB 704 (2011)][Ruic, M. Mai, U.-G. Meissner   PLB 704 (2011)]

F
it

Gauge invariance

Using ONLY meson-baryon degrees of freedom (no explicit quark dynamics):

→ Making the “Missing resonance problem” worse ?!



  

Phenomenology



  

Resonances or not?
A2 MAMI, PRL 118 (2017)

–   new eta MAID
- - BnGa2014-2
- - SAID-GE09

EPECUR/SAID  PRC 93 (2016)

W[GeV]

[CBELSA/TAPS EPJA 53 (2017)]

BnGa 
PLB785 (2018):

No narrow
resonance

3/2- narrow
Resonance

5/2- narrow
Resonance

Data: A2.Mami
PRL 118 (2017)



  

Current state in η photoproduction:
Multipoles from different groups 

From: EtaMAID2018 
[Tiator et al., EPJA54 (2018)]
Analyzes: 

EtaMAID2018
BnGa [PLB 772 (2017)]
JuBo (dotted) [EPJA 54 (2018)]
KSU [1804.06031]

Review: Krusche, Wilkins, 
[Prog.Part.Nucl.Phys. 80 (2014)]



  

New data 

[Slide: V. Burkert]

Phys.Lett. B771 (2017)
Phys.Lett. B755 (2016)



  

The Julich-Bonn Dynamical Coupled-Channel Approach
e.g. EPJ A 49, 44 (2013)



  

JuBo: Channels and Analytic Structure



  

JuBo: Data base  [D. Roenchen, M. D., U.-G. Meißner, EPJ A 54, 110 (2018)



  

Selected Fit Results (I)
http://collaborations.fz-juelich.de/ikp/meson-baryon/main

http://collaborations.fz-juelich.de/ikp/meson-baryon/main


  

Selected Fit Results (II)
http://collaborations.fz-juelich.de/ikp/meson-baryon/main

http://collaborations.fz-juelich.de/ikp/meson-baryon/main


  



  

Re-measuring hadron-induced reactions
Fits: D. Rönchen, M.D., et al., EPJ A49 (2013)

→ Physics Opportunities with meson beams, 
Briscoe, M.D., Haberzettl, Manley, Naruki, Strakovsky, Swanson, EPJ A51 (2015)
→ J-PARC E45



  

Resonance Couplings

1



  

Resonances and other structures 
CLAS/JuBo (M. D., D. Rönchen), Phys.Lett. B755 (2016)

• First-ever measurement of  observable E in    photo- 
production, enabled through the CLAS FROST target

Is this a new narrow baryonic resonance?
→  Conventional explanation in terms of interference effects.
Systematic elimination of resonance through model selection 
→ Talk by K. Nakayama on Friday [PRD99 (2019)]



  
Ireland, M.D., Glazier, Haidenbauer, Mai, Murray-Smith, D.~Rönchen, arXiv:1904.07616 [nucl-ex]



  



  

Where α
- 
matters (2): 

pp → ΛΛ 

Klempt et al., Phys. Rept. (2002)

Where α
- 
matters (1): 

Baryon spectroscopy



  

Where α
- 
matters (3): 

Global Λ polarization in nuclear collisions

STAR coll., Nature (2017)



  

Where α
- 
matters (4): 

Λ (Λ) Transverse polarization with ATLAS

ATLAS coll., PRD (2015)



  

Measurements of α
-
 



  

Recent press coverage



  

BES III: Direct measurement 

BES III coll., Nature (2019)



  

BES III: Direct measurement 

BES III coll., Nature (2019)

(BES III) (PDG)



  

Kaon photoproduction (this work)



  

Kaon photoproduction and Fierz identities



  

Statistical Analysis



  

Definition of Fierz value and its distribution



  

Statistical challenges (1)



  

Statistical challenges (1)



  

Statistical challenges (2)



  

Results



  

Overall result



  

Summary
● Complicated phenomenology of excited baryons through coupled-channel and 

three-body effects 

→ Conceptual progress 

needed to connect to 

lattice QCD calculations.

→ D. Wilson’s talk on Thursday 

● Global analyses of pion and photon-induced reactions

→ Jülich-Bonn analysis finds/confirms new states in analysis of photoproduction data

● Data-driven new value for α− determined. Changes polarization measurements 
at CLAS (baryon spectroscopy) but has impact in wide areas of hadron physics
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Spare slides



  [Slide: V. Crede/Nstar 2017, slight modifications]● Most new resonances by Bonn-Gatchina group;
● Many from kaon photoproduction

Spectrum of N* resonances

[See also: Crede, Roberts, Rep. Prog. Phys. 76 (2013)]



  [Slide: V. Crede/Nstar 2017, slight modifications]● Most new resonances by Bonn-Gatchina group;
● Many from kaon photoproduction

Spectrum of N* resonances

[See also: Crede, Roberts, Rep. Prog. Phys. 76 (2013)]

[slide: ANL/Osaka Kamano@N*2017]



  

Visible influence of new states
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