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Introduction 
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       N* and ȹ Baryonic Resonances 
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J= 1/2 Baryon Octuplets J= 3/2  Baryon Decuplets 

Short-lived excited states of nucleons  



       N* and ȹ Baryonic Resonances 
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Actual state 



       Study of baryons with HADES 
5         Electromagnetic  Dalitz Decay: 

       R­ Ne+e-  (never measured before) 
      ( predicted BR: ~ 10-5) 
     
Interest: electromagnetic structure of baryonic resonances  
                   EM time-like form factor (eTFF). 
 
        Hadronic Decay:  

 
Two body:   R­ N p  , R ­LK  
                                      
Three body: R­ N pp  
                            R­ ȹp­N pp  
                            R­ Nɟ­N pp  
 
Interest: Improve database for baryon spectroscopy. 
 
 



         HADES 
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Nope, not this oneé!  



         HADES ổ Acceptance:  Azimuthal angles 85% (6 sectors) 
polare angles: 18o - 85o 
ổDetected particles:  e°, p, p°, K° 

ổTracking: MDC 
ổe° identification with RICH, TOF/PreShower 
ổp, p° , K°  identification TOF-Tracking 

 

7 High Acceptance  
DiElectron  Spectrometer  

   (GSI, Darmstadt) 

Mission 
       Study of hadronic matter in  
A-A, p-A, ́ -A collisions. 
 
       Study of baryonic resonances 
in  p-p, d-p,  and p- ́  collisions. 
(Baryon (N*, ȹ) spectroscopy ) 
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HADES
is here! 

FAIR GSI 



       Motivation 
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G. Agakishiev et al.    

Eur.Phys.J. A50 (2014) 8 

E=3.5 GeV 

Cocktail of baryonic resonances obtained from the 1 p production  

pnp+ 

pp ­ npp+ , pp ­ ppp0  and pp ­ ppe+e-  

ppp0 

Interest of the channel pp­ppp+p-  : 
 ̓͂Test the cocktail on the 2 pion production. 
 ̓͂ Measure the ɟ  (ɟ­ p+p-) production direct and coupled to resonances . 

R 
ȹ 

ɟ 

ɤ 

ɖ 

ppe+e- 

Effect of eTFF of the 
vector meson dominance 
type (coupling to ɟ)  



2. 
Study of the channel pp­ppp+p- 

@ E=3.5 GeV 
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    What to expect  in the 2 ́channel 
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HADES: ppŸɟX 

One resonance excitation Double resonance excitation Direct ɟ production   
 

Few precise measurements 

Models that include simple and double excitation: 
      Cao Effective Lagrangian model 
X. Cao, B.-S. Zou and H.-S. Xu, Phys. Rev. C81 (2010) 12.                      
 
      OPER model (one pion exchange reggeized)  
A.P. Jerusalimov et al., Eur. Phys. J. A51 (2015) 83. 

 
        Transport models: GiBUU. 
 
        Valencia model: E< 1.4 GeV 



     Data Analysis   
12         DST (Data Summary Tape): Calibration-> included tracks and physics observables, P, ToF, dE/ dxé 

        PAT(PostDST Analysis Tool): Particle Identification + channel selection:  1́  + 1́  ï and 1 proton at least 

          Velocity Vs Momentum 
 
 
 
 
 
 
    
                                  Cuts 
 
 
 
        FAT(Final Analysis Tool): File of events with all physical variables  (invariant masses, angular 

distributions...) 
 

squared 
proton  mass 

p 
+́ 

 ́ï 



     Data Analysis   
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        Efficiency Matrices                                   Acceptance Matrices 

 
 

 
 
 
 
 
 
        Data normalisation ůpp(elastic) 

 
 
 
 
 

        Background subtraction  
 

 

3 pion production 



     Data Analysis   
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o 2D histograms are a good indication for some channels 
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