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ρ  in−medium: Hadronic Models 

 
Vacuum 

Σρ(M)=-imρГππ(m) 

Mρ=0,77 GeV 

 

In-medium broadening 

In-medium spectral function depends on ρNN* 
coupling. Main players:  N(1520), Δ(1620), 
N(1720),... 

Modification of ρ spectral function in 
hot and dense matter, mainly due to the 
coupling of ρ to (anti)baryons 
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Coupling of ρ to baryonic resonances can be 
directly studied in NN and πN collisions 

at 1-2 GeV via  𝑁∗ Δ → 𝑁𝑒+𝑒− decays 
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 Hades physics for pion beam (2014) 

• Resonance excitation can be 
controlled by the variation 
of the projectile(pion) 
momentum 

• HADES starts with 
p=0.656/0.69/0.748/0.8 
GeV/c 

• √s = 1.46-1.55 GeV: N(1520) 
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 Selection of events − Elastic Scattering 

• Selection of Elastic Scattering (ES) events 
 
 

• Indentify  𝜋− + 𝑝 → 𝜋− + 𝑝 and with criteria: 

 
• ∆𝜑 = 𝜑𝜋 − 𝜑𝑝 = 180° 
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PE - 690 MeV/c From BETA vs MOMENTUM·CHARGE 

 Selection of events − Elastic Scattering 
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PE - 690 MeV/c 

 Selection of events − Elastic Scattering 

𝜋− 
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Cut in β vs. q x p, angle ∆𝜑 = 180 ± 5° and ∆θ ≤ 5 °   



F=ς/Nev 

 Determination 𝜍𝑎𝑐𝑐
𝑒𝑙  and normalization 

P I O N  I N D U C E D  R E A C T I O N  B E L O W  V E C T O R  M E S O N  R E A C T I O N  8 
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I.Ciepal 
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 𝑒+/𝑒− Identification 
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PE – 690 MeV/c 

PE target 
690 MeV/c 
BackTracking 
TOF+RPC trigger 
RICH selection 
Specific energy loss 
 Particle velocity 
 Opening angle > 9° 
 
 



𝑒+𝑒−production PE target 690 MeV/c 
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Opening angle 𝜃 > 9° 
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Cocktail Source 
 
 

W O R K S H O P  O N  T W O - P I O N  A N D  𝑒 + 𝑒 −   P R O D U C T I O N  I N  H A D R O N I C  R E A C T I O N S ,  I P N - O R S A Y  2 0 1 8  |  P A B L O  R O D R Í G U E Z - R A M O S   

Channel 𝝇[𝐦𝐛] 
(𝜋0𝐷𝑎𝑙𝑖𝑡𝑧) from: 𝜋−𝑝 → 𝑛𝜋0 

 

9,2 

 

Single (𝜋0𝐷𝑎𝑙𝑖𝑡𝑧) from: 

𝜋−𝑝 → 𝑛𝜋0𝜋0 

𝜋−𝑝 → 𝑛𝜋−𝜋0(𝜋0𝛾𝑒+𝑒−) 

 

2∙1,8=3,6 

3,6∙2=7 

 

10.6 

 

(∆ 𝐷𝑎𝑙𝑖𝑡𝑧) from: 𝜋−𝑝 → 𝜋∆(∆→ 𝑁𝑒+𝑒−) 

 

8,37 

 

 

N(1520) 𝐷𝑎𝑙𝑖𝑡𝑧 from: 𝜋−𝑝 → 𝑁(1520)(𝑁 1520 → 𝑁𝑒+𝑒−) 

 

 

40,8 

 

 

 

𝜂 𝐷𝑎𝑙𝑖𝑡𝑧 from: 𝜋−𝑝 → 𝑛𝜂(𝜂 → 𝛾𝑒+𝑒−) 

 

 

0,3(p) 

0,7(C) 

 

𝜌 from: 𝜋−𝑝 → 𝑛𝜌(𝜌 → 𝑒+𝑒−) 

 

 

1,3 
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Efficiency Corrections BackTracking 

W O R K S H O P  O N  T W O - P I O N  A N D  𝑒 + 𝑒 −   P R O D U C T I O N  I N  H A D R O N I C  R E A C T I O N S ,  I P N - O R S A Y  2 0 1 8  |  P A B L O  R O D R Í G U E Z - R A M O S   

F.Scozzi 

• All the data cocktail is corrected with a factor of 0,8 due to the effiecieny corrections of the 
Backtraking 
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Inclusive 𝑒+𝑒−cocktail – no ρ contribution  
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PE - 690 MeV/c No efficiency corrections 
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Inclusive 𝑒+𝑒−cocktail –  ρ contribution  
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PE - 690 MeV/c 

𝐵𝑅 𝑀 =
Γ𝜌

𝑒+𝑒−

Γ𝑓𝑢𝑙𝑙 𝑤𝑖𝑑𝑡ℎ

=
8,8 ∙ 10−6 𝑚𝜌

0,149

𝑚𝜌

𝑀

3

= 4,5 ∙ 10−5  
0,760

𝑀

3

 

No efficienc correctios 

𝝆 contribution using 𝐕𝐃𝐌 model 

No efficiency corrections 
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Exclusive Missing Mass 𝑒+𝑒−  
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PE - 690 MeV/c 

900 < Missing. Mass < 1010 MeV/c2 

PE - 690 MeV/c No efficiency corrections 

𝜍𝑃𝐸 = 2*𝜍𝐶 + 𝜍𝑃
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Exclusive Inv.Mass 𝑒+𝑒−for  
 
 

900 < Missing. Mass < 1010 MeV/c2 
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𝐵𝑅 𝑀 =
Γ𝜌

𝑒+𝑒−

Γ𝑓𝑢𝑙𝑙 𝑤𝑖𝑑𝑡ℎ

=
8,8 ∙ 10−6 𝑚𝜌

0,149

𝑚𝜌

𝑀

3

= 4,5 ∙ 10−5  
0,760

𝑀

3

 

No efficiency corrections 
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• 1D Efficiency corrections were done for inclusive invariant mass and exclusive invariant 
mass 𝑒+𝑒− for a missing mass  [900-1010 MeV/c2]. 

 

PLUTO ANALYSIS 

PLUTO GEANT DST ANALYSIS 

𝜺 

𝟒𝝅 

𝑹𝑬𝑪𝑶. 𝑯𝑨𝑫𝑬𝑺. 𝑨𝑪𝑪 
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1D Efficiency Corrections 
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• Comparison of Exclusive Invariant Mass Distrubution of Sim.PLUTO4π and Sim.RECO. 
     RATIO=4π/RECO 



1D Efficiency Corrections 
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• Comparison of Exclusive Invariant Mass Distrubution of Exp.Corrected EFF+ACC and Exp. 
No Corrected 
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Exclusive Inv.Mass 𝑒+𝑒−for  
 
 

900 < Missing. Mass < 1010 MeV/c2 

𝛾 
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Exclusive invariant mass for EFF&ACC corrections of 𝑒+𝑒− for a missing mass  [900-1010 MeV/c2]. 



1D Efficiency Corrections 
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• Comparison of Inclusive Invariant Mass Distrubution PE of Sim.PLUTO4π and Sim.RECO. 
     RATIO=4π/RECO 



1D Efficiency Corrections 
 
 

24 
W O R K S H O P  O N  T W O - P I O N  A N D  𝑒 + 𝑒 −   P R O D U C T I O N  I N  H A D R O N I C  R E A C T I O N S ,  I P N - O R S A Y  2 0 1 8  |  P A B L O  R O D R Í G U E Z - R A M O S   

• Comparison of Inclusive Invariant Mass Distrubution of Exp.Corrected EFF+ACC and Exp. 
No Corrected 
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Inclusive 𝑒+𝑒−cocktail –  ρ contribution  
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Inclusive invariant mass for EFF&ACC corrections 



 

Using missing mass cuts we identified the events from the reaction 𝜋−𝑝 → 𝑛𝑒+𝑒− 

It is show that 𝑒+𝑒− yield of invariant mass above 250 MeV/c2 region corresponding to the missing mass 

between [900-1010] MeV/c2 is consisted with 𝑁 1520 → 𝑛𝜌 → 𝑛𝑒+𝑒− 

Models associate the excess of dilepton measured in HI reactions with the excitation and decay of 
baryonic resonances of dileptons via intermediate 𝜌 meson.  

𝜌 contribution is obtained from PWA (partial wave analysis) of 𝜋+𝜋− HADES data measured in the same 
experiment  and using the Strict Vector Dominance Model (VDM).  

The cut at 2π mass threshold is due to our model converting measured 𝜋+𝜋− to 𝑒+𝑒− yield, for the decay 
via intermediate 𝜌  so such cut-off is expected 

1D efficiency correction works well in the correction of EFF&ACC for exclusive/inclusive invariant mass.  

26 

Summary 
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900 < Missing. Mass < 1010 MeV/c2 

NO Correction 

Comparasion Exp.EFF&ACC vs. Exp.No.Corr 

Corrected for 

EFFICIENCY + 

ACCEPTANCE 
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900 < Missing. Mass < 1010 MeV/c2 

NO Correction 

Comparasion Exp.EFF&ACC vs. Exp.No.Corr 

Corrected for 

EFFICIENCY + 

ACCEPTANCE 
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Exclusive Missing Mass 𝑒+𝑒−  
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PE - 690 MeV/c 

900 < Missing. Mass < 1010 MeV/c2 

PE - 690 MeV/c No efficiency corrections 

𝜍𝑃𝐸 =4*𝜍𝐶 + 𝜍𝑃
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Exclusive Missing Mass 𝑒+𝑒−  
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No efficiency corrections PE - 690 MeV/c 

900 < Missing. Mass < 1010 MeV/c2 

PE - 690 MeV/c 

𝜍𝑃𝐸 =1/4*𝜍𝐶 + 𝜍𝑃
 


