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-  BUU transport model
-  HADES data  
-  comparison with ANKE
-  multistrange objects
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colliding nuclei (p) @ 1.756 (2.83) AGeV beam energy

      dense nuclear matter, particle production & absorption 

in-medium modifications of hadrons? (spectral properties, masses, widths, EoS)

i

            expansion phase with chemical and thermal freeze-out

experiments: 

        Ar+KCl
     

         hadron            Φ 
           measurements

SIS18

courtesy: GSI

(1)

(

          HADES                    &             ANKE  
         at SIS18/GSI       COSY/Jülich

p+C, Cu, Ag, Au



       nucleon feels mean-field  

microscopic, relativistic transport model based on
Boltzmann-Uehling-Uhlenbeck (BUU)

B

 kinetic theory
Theory:

collisional integral   →   two-body collisions 

drift term

evolution of single-particle phase-space distribution functions  

set of non-linear partial integro-differential equations:

hadron species
quasi-particle limit:

with

    Vlasov term 

→ for non-interacting nucleons 
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How to solve integro-differential equations? 
 → parallel ensemble test-particle method: 

               set of 
ordinary differential equations

N = 1# of parallel ensembles

better statistics                     multiple runs
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mean field:

          Skyrme

soft momentum-dependent EoS

„compressional“  
energy/# of nucleons
@ T=0

nucleon distribution function

with compression modulus 
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In-medium masses

Kolomeitsev, Kämpfer, Voskresensky  ‘95
Schaffner et al. ‘97
Pavlenko, Kämpfer, Zschocke ‘03

repulsive

attractive

   constant mass shift @ n0:

standard parameter set 
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Strangeness

good probes of 

reaction dynamic

strangeness exchange
- decay threshold energies

1.58

2.59
2.49 Φ decay:

role of      
@ SIS ?

 HADES PRC 2009: 0.37  ±  0.13

...

HS, Gy. Wolf, B. Kämpfer PRC 2010
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HADES data  Ar + KCl @ 1.756 AGeV  

H

          PRC 

P

2009

Maxwell-Boltzmann-like 
distribution (fit): 

binning in rapidity inverse slope parameter 
effective temp. 
of kinetic freeze-out

HS, Gy. Wolf, B. Kämpfer PRC 2010 (7)
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rapidity:
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Φ mesons?

only one data point
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time evolution 

production

freeze-out

Φ decay has to be considered

late particle production

sensitive to compressibility?
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Centrality and individual channels

          weak 
impact parameter 
    dependence
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KEK
Polyanskiy et al. 
nucl-ex/1008.0232 (2010)

pA

AA
reactions

HADES

absorptive ΦN interaction in p (2.83 GeV) + C, Cu, Ag and Au

no subthreshold prod.

no Fermi-momenta

Φ production:

Glauber model

ANKE

p-attenuation Φ-absorption
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density distribution: Woods-Saxon
  
                  

Φ production
   in corona
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b = 6 fmb = 4 fm

b = 2 fm

b = 0 fm



  

check consistency with Glauber

BUT 4 no‘s:   - no isospin asymmetry
           - no secundary channels
              - no absorption
              - no ANKE acceptance
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 + absorption

+ isospin asymmetry + secundary channels

Kaptari & Kämpfer EPJ ‘05 (15)
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p + light p + heavy

Channels and centrality

impact parameter dependent
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ANKE acceptance

+

w/ abs.
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best with 

RESULT:

single absorption is able to describe the ANKE data set

[HS, to be published]
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real double-strange:     Ξ- (dss)

no reliable data!sensitive to in-medium modifications?

in Ar (1.756 AGeV) + KCl
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gap?

evidence for EoS dependence

[175] A. Schmah, Ph.D. thesis, 2008
[174] HADES Coll. PRC 80, 2009
[158] HADES Coll. PRL 103, 2009

[HS, to be published]

almost no 
b dependence
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- Φ decay in dileptons
- K0

S potential? 
-                            absorption modes
- Ξ - and triple-strange Ω –

- heavier systems

h

- ANKE: isospin dependent Φ absorption 

Summary

Wishlist

- production of K+ ,K- ,Φ and Ξ -   
  (in-medium modifications & EoS)

(

- comparison with HADES & ANKE data
- Φ puzzle  

 

    



  



  



  



  

for Au (1.50 AGeV) + Au



  



  



  
slow phi‘s fast phi‘s
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