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1. Introduction



A The properties of (anti)kaon are modified in a nuclear
matter:

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

A 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



2. G-matrix approach for
antikaon



The lowest -order SU(3) chiral Lagrangian

L= (Bin"V,.B) — M(BD)
1 1l -0
+5 DB s {up. BY) + 5 F (B s[up, B)),

Spin Y2+ SU(3) octet

P | T
= wu'd,Uu' ,

D. Cabrera, et al. PRC 90, 055207 (2014),



Self-consistent unitarization

SU(3) Chiral Lagrangian

&

Swave: V7 = —C; u(p' )y u(p)(k, —|—k")

var? .
For 1,=0, I, |=
P-wave: V;P
0, 70 0¥0 0
D. Cabrera, et al. PRC 90, 055207 (2014), K p. Kn, mA, w25, nA, nX7,
Ty, 7~ 8T, KJF”_ KO9=0

For l,=-1, 1, |=
K—n, 7%, 7~ X°,
7 A, nX, K=",

Ti; = Vii + VieGrrTk;,

JCICEE NG 7l Beyond one -boson exchange model 6



G-matrix in a hot & dense matter

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

In vacuum
d* M 1
Gi(Vs) = i d :

(277)445'!(13—@ ﬁ—qU—Eg(ﬁ—ﬂ+iE
1
g —q%2 —m} +ic’

than T-matrix
At finite T, A
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gMB(wm,ﬁ;T)=—Tf > Dp(Wp — wp. P = G:T)
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Comparison with Exp. data
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D. Cabrera, et al. PRC 90, 055207 (2014),
T. Song et al. PRC 103, 044901 (2021])

A Cross sections are
comparable with the
experimental data from
elementary collisions

A Cross sections decrease
with increasing nuclear

density, partly from Paul
blocking



The self energy of Kbar (K-, KObar)

By connecting two Kbar legs,
the self energy of Kbar is obtained
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1. Real & imaginary self

energies decrease
with nuclear density
for static antikaon
(p=0, black lines)

. Temperature effects

are weak

. 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
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Kaon In nuclear matter

A Repulsive potential in
matter

Vik =25 MeV (p/po),

IS related to the increase of
effective mass

ReX
2F Kk

mic = \/m} +ReX = \/m} + 2EVic

~ M l—I—EKfK ~ Mg 1—|—25MEV£ .

Ez\/m%f—l—pz—l—ReEzEK—l—

=FEk + Vk,

T. Song et al. PRC 103, 044901 (2021)
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Shifts of the threshold energy for
(anti)kaon production

A For kaon production (K production is suppressed)

ONNsNYK(VSE) = Onnany K- (Vs — Amg)
where Amg = mp — mg
A For antikaon production (Kbar production is enhanced)

(Vs—ma)® g2
k(WA= [ A ok (V5 - Amp),

A For antikaon and kaon simultaneous production
(for example, N & yN K Kbar, k yK Kbar, 8 )

X0 (Vs — Amyg — Amyg ).
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(anti)kaon propagation

Off -shell propagation for On-shell propagation for kaon
antikaon from Kadanoff Baym Eq. (normal BUU type)

dr; I M? — M3 _

& - [—Cap |20 VeleR s DVPImE} dri _ OH _ pi

dp; -1 1] M? — Mg dp; OH .

@ - 1-=ceE | VR T V”Inﬂ} % = o = —VVk(r),

dE 1 1 [. M? — MZ .

E = ﬁﬁ _dtReZ—l— III]Z dt]:mzl

4

Equivalent in the limit ImL , R L y O

W. Cassing et al., NPA 727, 59 (2003)
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Off -shell propagation for

antikaon from Kadanoff Baym Eq.

dr; 1 1 M2 — M2
a = T—cap |t VeteR s
dp; 11 M? — M2

— |V, R4+ 0y, Im3,
i = TocaE | VReE Tt Ty VrimE

dM? B M2 — ﬂfg dlmY
dt Im¥ dt -’

Au+Au, 1.5 A GeV, b=0m I dN/dm

(GeV™")

40

0.002
0.005
30 0.01
o 0.02
£ 0.05
= o
=

10

01 02 03 04 05 06 07
K mass (GeV)

A\ pImZ} ,

(anti)kaon propagation

On-shell propagation for kaon
(normal BUU type)
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3. Strangeness production In

heavy-ion collisions:
Parton -Hadron -String Dynamics (PHSD)

W. Cassing, E. Bratkovskaya, PRC
78 (2008) 034919;

NPA831 (2009) 215;

W. Cassing, EPJ ST 168 (2009) 3
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Kbar (K-, KObar) is produced
later than K (K+, KO)

d Kbar probes less dense
and less hot nuclear matter

K*( bar ) yaK
k y K+Kbar

Decays also contribute

N+K+Kbar
Y+K
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Cds hkdc a k mbd
for B + BBt+Y+K, B+ myB+K+Kbar

S 1 d*p} / d*ph d*p}
78 T AR Eove ) (2m)32E! | (21)32E, ) (21)32E,
@ 2m)* 6™ (py + pa — P} — Ph — D).

/ &LNTE—}? 1

P dg

Same transition AAV m / (27)32F,

amplitude &3p d*p,
2

2w)32E (2ﬂ)32E’ fl(Pl)
d’ph vh) d°py

on 32E’ ( )32E’ f3(p3)

2?r pH—PE—Pl PQ—Pé)a

W. Cassing NPA 700 (2002) 618-646
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0, T, p distributions of (anti)kaon production sites
AutAu , E=1.5 A GeV

In central
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0, T, p distributions of (anti)kaon production sites
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Time evolution of produced (anti)kaons In
central Au+Au collisions at E=1.5 A GeV
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4. Comparison with
experimental data
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Nuclear
matter
effects
suppress
kaon
production
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m- spectra of (anti)kaons
In central NI+Ni collisions at E=1.93 A GeV
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A Nuclear matter suppresses
kaon production and
hardens spectrum,

A while it enhances antikaon
production and softens
spectrum

A As for antikaon,

though ReX = 0,ctrum
softens for M<M |

dpi 1 M2 — M2
dt ~ 2E  ImX%

V,rImX,
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Cross sections for (anti)kaon production
In min -bias heavy -ion collisions
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