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“HADES:JINR participation” 
     (prolongation  for 2019 -2021 yy)

     theme:    02 - 1- 1106

A.Belyaev, O. Fateev, A. Ierusalimov, V.Ivanov,   V.Ladygin, 
S.Lebedev, G.Lykasov,  A.Troyan, A.Zinchenko 



Professor Y.V.Zanevsky  organized the participation of JINR at HADES 
and he was a leader of JINR group for many years.  

2015 – prolongation for 2016-2018
2016 – changing of the leaders (V.L., O.V.Fateev)
2017 – HADES was moved to the scientific topic CBM (t.1106). 
            Similarly to situation at FAIR, where 
            HADES+CBM = HQM (Hadron-Quark Matter) pilar
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The HADES Collaboration includes 23 Institutes from 9 European countries.      
http://www-hades.gsi.de/  - is groing permanently
 

Bratislava (IOP SAS), Slovakia
     Catania (INFN-LNS), Italy
          Coimbra (LIP), Portugal
               Cracow (SIP JUC), Poland
                    Darmstadt (GSI), Germany
                         Darmstadt (TU), Germany
                              Dresden (HZDR), Germany
                              Dubna (JINR), Russia
                              Frankfurt (Goethe-University), Germany
                              Garching (Excellence Cluster Universe), Germany
                              Garching (TU München), Germany
                              Giessen (JLU), Germany
                              Milano (INFN), Italy
                              Moscow (INR), Russia
                          Moscow (ITEP), Russia
                     Nicosia (Univ.), Cyprus
               Orsay Cedex (IPN), France
          Rez (NPI AS CR), Czech Republic
     Santiago de Compostela (USC - S. de Compostela), Spain
Valencia (IFIC), Spain

HADES Collaboration

http://www-hades.gsi.de/
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 Collisions of heavy ions allow to 
probe nuclear matter at high 
densities and temperatures 

 Astrophysical applications:
    composition, equation of state 
    —  mass-radius relation for
    compact massive stars

The physics motivation for HADES includes the investigation of in-medium 
modification of light vector mesons as well as the study of dilepton continium in 
the warm(T<100MeV) and dense(up to 3ρ0) hadronic matter at SIS 18, GSI.

Motivation and Actuality of HADES

HADES strategy:
Systematic di-electron and hadron measurements in NN, AA, pA, πN and πA 
collisions



5

HADES, JINR activity

Low mass Multilayer Drift Chambers MDC II and Front End 
Electronics
       (constructed, tested and integrated into the HADES spectrometer). 

Track reconstruction Software Development  

MDC upgrade (for SIS100), maintenance 

Participation in physical program, data analysis, 
    theoretical  interpretation
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JINR activity is supported by  BMBF-JINR grants

   HADES  MILESTONES,    JINR PARTICIPANTS 
 
Production beamtimes (SIS-18)          -       from  2002 
HADES upgrade                                 -       from  2010  
Production beamtime (SIS-100  FAIR) -        ~ 2024    

Participants :
      LHEP JINR     -     Belyaev A. (0.5), Fateev O. (0.1),  Ierusalimov A.(1.0),  
                                        Ladygin V. (0.1),   Troyan A.(0.2),   Zinchenko A.(0.1) 
      
      DLNP JINR     -     Lykasov G.   

      LIT JINR             -  Lebedev S., Ivanov V.
 
      GSI / Frankfurt Uni.   - Pechenov V.,  Pechenova O.

      Project Leader at JINR   - Fateev O.,  Ladygin V.
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The HADES detector at GSI

/ RPC

Technical paper:
G. Agakishiev et al.  Eur. Phys. J. A41, 243 (2009)
General documentation:
http://www-hades.gsi.de

   SIS 18, GSI Darmstadt   
(p, π,  A) + A collisions

    ρ ≤  3 ρ0, T ≤  100 MeV

Acceptance: Full azimuth,  polar angles 18o - 85o,   Pair acceptance ≈  0.35 
Particle identification:  RICH,  Time Of Flight, Pre-Shower (pad chambers & lead 
converter) and MDCs.
Momentum measurement Leptons:  ∆ x~ 140 µ  per cell, ∆ p/p ~ 1-2 %
∆ M/M ~ 2%  in  ρ  mass region
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Drift Chambers  
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Space Resolution of Drift Chambers 

15 discs (Diam. 2mm) of Target position
reconstructed via MDC tracking

Run : Au + Au 1.23 AGeV
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HADES   program  for 2012-202x 

HADES expects  to get  several runs at SIS-18  during 2018-202x.   
HADES

CBM

before 2012
C+C, p+p, Ar+KCl,d+p, p+Nb 1 - 3.5 AGeV

dielectron spectra, medium effect, Δ Dalitz 
decay, vector meson, hadronic channels, 
reference for medium effects

2012 Au + Au 1.23 AGeV, Low mass  e+e- ”excess”; kaon production : K0
s, K±

 , Hyperon production; Λ,Σ,Ξ(1321); φ 
production;   Λ-p, p-p, ππ correlations.  

2014

πp,  π + A 
1.7, 0.656-0.800 AGeV 

Strangeness in-medium;
Resonances in di-electron and di-pion 
channel 

2018-2020

Ag+Ag, πp (CH2-C), p+p and p+A 
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 HADES selected results  

2 first papers on Au+Au at 1.23 AGeV are
published 
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 HADES: FAIR Phase 0 program  

88 shifts for Ag+Ag at 1.65 AGeV in 2018

Pion beam   in  2019
Proton beam at 4.5 GeV  in 2020(?)  
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                           HADES MWDCII plane repair

During 2016-2018:
1. Sector 4 is repaired and installed into 
the plane II of MWDC.
2. 7-th sector  is repaired and  prepared as a spare.
3. Gas mixture is optimized for high rates.
4. X-rays tests were performed -last in March 2018.  
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HADES FAIR Phase 0 : CBM – RICH700 (2018)  

428 MAPMTs
 

DiRICH read out

LIT JINR contributes  by the RICH reconstruction 
algorithms development
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                       HADES Software development : RICH700 

 

The reconstruction algorithm is based on Hough transformation
Application at CBM.  
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HADES FAIR Phase 0 :PANDA– FD (2019...)  

 

 

LHEP JINR : software reconstruction in straw tracker, simulation,
                      physics 
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                       HADES Software development : FD 

 

The reconstruction algorithm is
based on vector track finder approach.
Application at CBM  and MPD.  



18

                       HADES Software development : tracking 

 

A.Belyaev et al.
The reconstruction algorithm is based on the solve of the  H.Schubert 
problem for 4 straight lines.
New approach for wire (strip) detectors. 
ROOT class is under development.

2 papers are under preparation (NIM A, CPC)
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HADES results : JINR contribution 

Results of the data analysis on the quasi-free  np→npπ+π-  reaction at 1.25 GeV 
and OPER model development are published in: 

1. G. Agakishiev et al., Phys.Lett. B750 (2015) 184.
2.A.P.Jerusalimov  et al., Eur.Phys.J. A51 (2015) 83.

2-nd LHEP JINR award in 2015.  
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Paper passed 1-st turn of the internal HADES review    

World data at 1.3 GeV/u

HADES results : JINR contribution 
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HADES results : interpretation

Calculations for  quasi-free  np→e+ e-X  
and  π-p→ne+ e-  reactions:
A.P.Jerusalimov, G.Lykasov,  
Int.J.Mod.Phys. A32(2017) 1750100;
arXiv:1705.07446[hep-ph].

HIC at SIS18 energies
G.Lykasov and A.Malakhov,
arXiv:1801.07250[hep-ph].
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HADES results : baryon formfactors

 

Δ+ formfactor in time-like region from 
the π– p➙π– pe+e-  reaction  

 

Feasibility study has been performed for 2019 setup using OPER model.
Similar program can be realized at SPD and MPD with proton beams.
Development of the kin.fit is very useful. 
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Publications,  Presentations at the Conferences 

Period 2015-2018 

Total: 41

Regular Journals — 16 (5 with JINR principal authors)

JINR communication - 1

Conferences   -  7 ( 4 from JINR)
Orsay workshop (May 2018)  - 2 from JINR

HADES CM talks -   15
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MoU between JINR and GSI 
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HADES MoU for 2018-2023 yy  
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Requested resources

2019 2020 2021 

Materials,equipment
13kE 13 kE 13 kE

International
cooperation

12 kE 12 kE 12 kE

Total 25 kE 25 kE 25 kE
        Total  request  for  2019-21yy   -  75 kE ( from BMBF/JINR  fund).
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SUMMARY

1. JINR participants of the HADES project are working on                                              
-mainteinance of MWDCs and FEE before and during beamtimes.                           
-data taking, data analysis and theoretical interpretation. 

2. Main activity on the HADES project in 2019-2021:                                                     
- participation in data taking at SIS -18  - 2019-2020,                                                   
- participation in data analysis and simulation for hadronic channels in Ag+Ag, NN,  
   πA and pA collisions at  1.25-4.5 A GeV.

3. Participation in the upgrade of the Spectrometer and physics program for SIS-100. 

4. HI program with Au-Au and Ag+Ag started at SIS-18 is interesting for physics 
program of BM@N and MPD as well.

5. Participation in the HADES project  helped  to build the new infrastructure for      
detectors construction (DetLab in blg.40), where the new detectors for MPD/NICA   
are under development.  

6. The software development for HADES project performed by JINR can be used for 
NICA experiments (MPD, SPD, BM@N).
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Thank you very much!
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HADES Phase 0 – ECAL (2018)  
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Modules assembly
(GSI det. lab.)

At least 3 (from 6) sectors in 2018
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HADES experimental program 
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New HADES data confirms the DSL “puzzle”New HADES data confirms the DSL “puzzle” 

HADES data in the acceptance
 of DLS, compared to DLS data.

HADES results  (DLS puzzleDLS puzzle)
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