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Role of N*’s in the history of the Universe

Dramatic events occur in the 
micro-second old universe 
during the transition from the 
QGP phase to hadron phase.

With JLab electron machine we can explore these events in isolation 

 Chiral symmetry is broken 
 Quarks acquire dynamical mass 
 Quark resonances occur   
 Color confinement established 
=> strong QCD is born

hot QCD

strong QCD

N*
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 We do not describe the transition near the cross over temperature without 
accounting for the full complement of quark model baryon resonances. 

Baryons in the PDG of all flavors (u, d, s, c) fall short of explaining the freeze out behavior 

The quest for missing excited baryons
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Projected Baryons N*, Δ*, NG, 
J.J. Dudek and R.G. Edwards,  PRD 85 (2012) 054016

1.3GeV

N

LQCD 

‘hybrid’ states

SU(6)xO(3)
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From the H spectrum to the N* spectrum

 Understanding the hydrogen atom 
requires understanding its
spectrum of sharp energy levels 
-> From the Bohr model to QED

 Understanding the proton requires 
understanding its energy spectrum of 
broad energy levels
-> From the quark model to strong
QCD

Spectral series 
of hydrogen 

Niels Bohr, model of the 
hydrogen atom, 1913.
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How do light quarks acquire mass?

DSE/QCD
Lattice QCD (chiral extrapolation) 

T<1010K  

As the Universe cools down, quarks couple to gluons and 
become massive.  They form resonances with other quarks.

=> Measure N* observables that are sensitive to the quark mass. 

5V. Burkert INT Workshop N* Spectrum and Structure
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The Burning Questions
What are the key roles of N* resonances in inclusive DIS in the context 
of quark-hadron duality? => next session? 

What are the key elements to demonstrate the theoretical consistency 
of the interplay of confining and chiral forces for the nucleon and its 
excited states? (Organizers)

 How should we search for (un)predicted excited baryon states? What 
are the relevant channels at high mass? Are analysis frameworks 
sufficiently flexible to find new states?  

 Can we probe the running quark mass? What are the observables? Is 
the interpretation sound? 

 Can we probe baryon resonance transitions GPDs using N*VCS data?   

What theory support is needed for the 12 GeV N* program (Mokeev)
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Chiral forces & 
confining forces. 

Chiral and confining forces in  nucleon and N*

What are the key 
elements to 
demonstrate the 
theoretical 
consistency of the 
interplay of 
confining and chiral
forces for the 
nucleon and its 
excited states? 

experiment 
not doable

2nd Mellin moment of GPD Hq

EMT

Schweitzer, χQSM 

H. Pagels, PR 144, 1966
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The Burning Questions
Search for predicted excited baryon states.  
=> We (will) have the data in range of M = 1.8 – 3 GeV 
⇒ Do we have the tools for complex analysis of 2- and 3-
body final states, e.g.  Nπ, KY, Nππ...at M = 1.8 – 2.5 GeV 
and search for new states in a systematic way?

Probing the running dynamical quark mass.  
=> Do we have the tools to extract transition form factors 
of prominent baryon resonances for Q2 = 5 – 12 GeV2, 
and interpret them within QCD linked approaches.

Probing baryon resonance transitions within 
GPD framework using N*VCS data. 
⇒ Can we develop the GPD framework for a few 

lower-spin states Δ(1232), N(1440)1/2+, N(1535)1/2-,   
[N(1520)3/2-, N(1685)5/2+]  

quark mass m(q)
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Role of N*’s in the history of the Universe

Dramatic events occur in the 
micro-second old universe during 
the transition from the QGP phase 
to the hadron phase.

With the JLab electron machine we can explore these events in isolation 

 Chiral symmetry is broken 
 Quarks acquire dynamical mass
 Baryon resonances occur    
 Color confinement emerges

=> strong QCD is born

N*

Electrons
machines

hot QCD

strong QCD
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