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1. Introduction  
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Å The properties of (anti)kaon are modified in a nuclear 
matter:  

Å It is expected that kaon is repulsive and antikaon is 
attractive to the nuclear matter  

Å To deal with antikaon in nuclear matter,  we use self -
consistent unitarized  coupled -channel model in dense and 
hot matter (or G -matrix approach) based on the SU(3) 
meson-baryon chiral Lagrangian 
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2. G-matrix approach for 
antikaon 

4 



The lowest -order SU(3) chiral Lagrangian  

Spin ½+ SU(3) octet  

SU(3) pseudo-scalar meson 
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Self-consistent unitarization  

SU(3) Chiral Lagrangian 

For I3=0, i, j=  

 
 
 
 
 
For I3=-1, i, j=  
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6 Tolos et al., NPA 690 (2001) 547  

S-wave: 
 
P-wave:  Vij

p 
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Beyond one-boson exchange model  



G-matrix in a hot & dense matter  

In vacuum  

At finite T, Ǎ 

It brings about the dressing of 
B and ǩ propagators, and Pauli 
blocking to B; more advanced 

than T-matrix 

Tij Tkj Vik 

B 

ǩ 
Vij 
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Comparison with Exp. data  

ÅCross sections are 
comparable with the 
experimental data from 
elementary collisions  

ÅCross sections decrease 
with increasing nuclear 
density, partly from Paul 
blocking  
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The self energy of Kbar (K-, K0bar)  

Tij Tij 

N N N N 

Kbar Kbar 
Kbar 

By connecting two Kbar legs,  
the self energy of Kbar is obtained  
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Real & imaginary parts of self energy  
as a function of T, ǒ and  p  

1. Real & imaginary self 
energies decrease 
with nuclear density 
for static antikaon 
(p=0, black lines)  

2. Temperature effects 
are weak 

3. As momentum of 
antikaon increases, 
the real part of self 
energy becomes 
small while the 
imaginary part of self 
energy little changes  
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Spectral function of antikaon  

T=50 MeV  T=100 MeV  
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Kaon in nuclear matter  

Å Repulsive potential in 
matter  

 

 

is related to the increase of 
effective mass 

qqq  

qqq  

qqq  
qqq  

qqq  

K 
s q 

K 
q s attractive  

repulsive  

Baryon -rich matter  
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Shifts of the threshold energy for 
(anti)kaon production  

ÅFor kaon production (K production is suppressed)  

 

 

ÅFor antikaon  production (Kbar production is enhanced)  

 

 

ÅFor antikaon  and kaon simultaneous production  

   (for example, N ɚɣN K Kbar, ǩɣK Kbar, ŏ) 
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(anti)kaon propagation  

Off -shell propagation for 
antikaon  from Kadanoff  Baym Eq. 

On-shell propagation for kaon 
(normal BUU type)  

Equivalent in the limit ImĹ, ĶpReĹ ɣ0 
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(anti)kaon propagation  

Off -shell propagation for 
antikaon  from Kadanoff  Baym Eq. 

On-shell propagation for kaon 
(normal BUU type)  
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3. Strangeness production in 
heavy-ion collisions:   

Parton -Hadron -String Dynamics (PHSD)  
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N+N  
N+Y+K 

N+N+K+Kbar  

N+ɜ 
ɜ+ɜ 

N+ɚ 
N+ɚ 

K+Kbar 

N+K+Kbar  
Y+K 

N+Kbar 

N+N+Kbar  

Kbar (K-, K0bar) is produced 
later than K (K+, K0)  
ɠ Kbar probes less dense 
and less hot nuclear matter  
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K*(bar)ɣK(bar)+ɚ 
ǩɣK+Kbar 

Decays also contribute  



Cds`hkdc a`k`mbd 1ɢ2 
for B+BɥB+Y+K, B+mɥB+K+Kbar   

Same transition 
amplitude  
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ǒ, T, p distributions of (anti)kaon production sites  
in central Au+Au , E=1.5 A GeV  

Å K is produced at larger 
densities and higher 
temperatures than Kbar 

ÅMomenta of produced K 
and of Kbar in nuclear 
matter are similarly peaked 
around p=200 -400 MeV, 
which makes ReĹ small 
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ǒ, T, p distributions of (anti)kaon production sites  
in central Au+Au , E=1.5 A GeV  

Å K is produced at larger 
densities and higher 
temperatures than Kbar 

ÅMomenta of produced K 
and of Kbar in nuclear 
matter are similarly peaked 
around p=200 -400 MeV, 
which makes ReĹ small 
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Time evolution of produced (anti)kaons in 
central Au+Au  collisions at E=1.5 A GeV  

Initial mass distribution  Masses change with time  Channel decomposition  
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4. Comparison with 
experimental data  
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Rapidity distributions of (anti)kaons  

Nuclear 
matter 
effects 
suppress 
kaon 
production  

Nuclear 
matter 
effects 
enhance 
antikaon 
production  
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mT spectra of (anti)kaons  
in central Ni+Ni  collisions at E=1.93 A GeV  

Å Nuclear matter suppresses 
kaon production and 
hardens spectrum,  

Å while it enhances antikaon 
production and softens 
spectrum 

 

Å As for antikaon,  

though            spectrum 
softens for M<M 0 
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Cross sections for (anti)kaon production  
 in min -bias heavy -ion collisions  
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