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— Statistical hadronization model

1) Particle yield ratios at RHIC
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— Statistical hadronization model
1) Particle yield ratios at RHIC
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Multiplicity dN/dy

— Statistical hadronization model at LHC eagss”
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Multiplicity dN/dy
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— K* mesons in heavy ion collisions
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Hadronic interactions

— J/p absorption by hadronic interactions
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— K* meson and kaon intferactions

K*r — pK, K*p = 7nK,K*K — pr, K*K* — 7, and K*K* — pp.

K p K ™ K
K .
K

T K* T K* p
(b) (c)

K* P K K
() (e)
Y m T m T T Iy Iy P P
K K K K K
K* K K g K g+ K K K I

() (2) (h) (i) )

1) Cross sections for K* mesons
K K-
o = 1 |ﬁf | dﬂ| M |2 Jas K N K K N K
647259192 |Di| . , b b p
K K
March 24 2016 K K K K 10

Yukawa Institue for Theretical Physics (c) (d)



3) Thermally averaged cross sections for K* mesons and kaons

2) K* meson production from kaons and pions
& K* meson decay to kaons and pions

gk~ A4m

2
i R 5rh’*—>h’7i
OKnr—sK* —

9K G Do (mics — /5)2 + T3

P. Koch, B. Muller, and J. Rafelski, Phys. Rept., 142, 167 (1986)

10" — — K*K** -> pp

10

100 120 140 180 180 200

<O-ih—>jkvih> =

2
Irc= K
FK“—?HTT('\/;) — Mpgi‘ﬂ,

_ Jd3pid3ph fl(p|) fj(pj)aih—ﬂkvih

A
—x— K*K™" > mp —*— KK o> |

L g— i —— O — DO - -

[ R R e M e B e W M e M W B K W]

T (MeV)

Jd*pd®pfi(P) fi(p)

101 E O Y SRV SV ® (b)_
: IR e S S
—+—KK*™ > tn —+— KK™ > pp
1DG‘: —x— K -> K* :
e +—+—; _-;_—d*—-ac-—iﬁ’—_f—f;fj_t_—f:
B —
10 E . ww"f* i
:f*,*”'
-2 ] | T T T T
100 120 140 160

T (MeV)

180

200



Evolution of the K* and K
meson abundances

— Rate equations for K* & K meson abundances
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— Time evolutions of the K* and K meson Ny
abundances

1) About 36% of K* mesons produced at chemical freeze-out
disappears during the hadronic stage : Hadronic interactions
are responsible for about 6% of the total K* meson loss
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— The abundance ratio of K* mesons to
kaons in heavy ion collisions

1) Simplified rate equations
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Freeze-out conditions
IN heavy ion collisions

— Geometrical concept of the freeze-out

J. P. Bondorf, S. I. A. Garoman, J. Zimanyi, Nucl. Phys. A 296, 320 (1978)

The freeze-out criterion

. tThe time for a macroscopic flow element is equal to the

microscopic interaction time which is a function of local density,
. meanspeed, and cross sections
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— The kinetic freeze-out condition

1) The scattering rate and expansion rate
1 : 1
Texp = = = Tgeatt —
P 0-u " Zj{gi_}'l"ij)nj

2) The kinetic freeze-out condition for a spherically expanding
fireball with its radius R : dR/dt = (v)
F. Becattini, M. Bleicher, E. Grossi, J. Steinheimer, and R. Stock, Phys. Rev. C 90, 054907 (2014)
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For higher collisions energies and/or when the initial temperature

and/or the number of particles increases, the 3-dimentional
density at which freeze-out takes place becomes smaller
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— Hadronic effects on the K* meson
abundance

1) Rate equations for the abundances of K* and K mesons
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2) The yield ratio between K* mesons and kaons
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— The freeze-out condition of the pion S

1) The scattering time for pions
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Conclusions

— Reduction of the K* meson abundance and
freeze-out conditions In heavy ion collisions

1) The interplay between interactions of K* mesons and kaons with
light meson in the hadronic medium controls the reduction or
production of the K* meson.

2) The final yield ratio between K* mesons and kaons may reflect
the condition at the last stage of the hadronic effects on K* and
K mesons, or the kinetic freeze-out temperature

3) The smaller ratio of K*/K measured at the LHC energy may indicate
a lower kinetic freeze-out temperature compared to that at RHIC
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