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Abstract  The kaon flow in heavy-ion collisions at intermediate energy is studied in the QMD
model. The calculated results show that the experimental data are only consistent with the ones
that include the kaon mean-field potential from the chiral Lagrangian.This indicates that the
sideflow pattern of positive charged kaons is an useful probe of the kaon potential in nuclear

medium.
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The knowledge about in-medium modifications of the kaon properties is important not only
to astrophysics but also to nuclear physics.In astrophysics it is related to a possible formation of
kaon condensation in neutron stars . In nuclear physics the kaon production in heavy ion
collisions has attracted much attention. It is found that the kaon yield in heavy ion collisions at
subthreshold energies, i.e. below 1.56GeV/nucleon, is sensitive to the nuclear equation of state
(EOS) used in the transport model” ". On the other hand, the transverse flow of kaons from heavy
ion reactions was suggested to be a good probe of the kaon potential in the nuclear medium” "
This problem, however, is still in debate. It was pointed out that the experimental data can be
alternatively described by invoking rescattering effects instead of in-medium kaon potential.
Recently, FOPI collaboration published new data with improved precision, which lead to be
possible to study further this problem.

In this paper the transverse flow of positive charged kaons (K"), i.e. the average K" in-plane

transverse momentum as a function of rapidity, in heavy ion collisions is investigated within the

framework of the quantum molecular dynamics (QMD) model™"”. For the nuclear EOS we adopt
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soft Skyrme force corresponding to a compression modulus of K=200MeV and with a momentum
dependence adjusted to the empirical optical nucleon-nucleus potential”’m. The saturation point of
nuclear matter is thereby fixed at Eg= 16MeV and py,=0.17fm 3. The calculations include A and
N’(1440) resonance. The QMD approach with Skyrme interactions contains a controlled
momentum dependence and provides a reliable description of the reaction dynamics in the 0.1 2
A GeV energy rangem.

We further consider the influence of an in-medium kaon potential based on effective chiral

[1,7,8,16]

. . 3 .. .
models . The K" mean field consists of a repulsive vector part V, = 2 f ?j, and an attractive

scalar part Zs=myg ~ m_=mg \/mf( (T / T)ps +V, V¥, Here j, is the baryon vector current

and ps the scalar baryon density, and 2xn = 450MeV. Following Ref. [16] in the vector field the
pion decay constant in the medium f> = 0.6f? is used. However, the enhancement of the scalar
part using f? is compensated by higher order contributions in the chiral expansion“ﬂ, and
therefore here the bare value is used, i.e. Zxnos/ f. Compared to other chiral approachesm the
resulting kaon dispersion relation shows a relatively strong density dependence. The increase of
the in-medium K" mass M, , Eq. (2), with this parameterization is still consistent with the
empirical knowledge of kaon-nucleus scattering and allows one to explore in-medium effects on
the production mechanism arising from zero temperature kaon potential. For the kaon production
via pion absorption mB —YK" the elementary cross section of Ref. [17] is used. For the
NN—BYK" channels we apply the cross sections of Ref. [18] which give a good fit to the COSY
data close to threshold. For the case of NA -BYK" and AA—>BYK" reactions experimentally are
rare. Thus we rely on the model calculation of Ref. [19]. In the case that a N resonance is
involved in the reaction we used the same cross section as for nucleons. In the presence of scalar
and vector fields the kaon optical potential in nuclear matter has the same structure as the
corresponding Schrodinger equivalent optical potential for nucleons’
2 2
U (P P= B b Ve 5 M)
and leads to a shift of the threshold conditions inside the medium. To fulfill energy-momentum

conservation the optical potential is absorbed into a newly defined effective mass

fic (0, Px) =yM; +2m U (0, P) )

which is a Lorentz scalar and sets the canonical momenta on the mass-shell 0= p’ ffi;. Thus,

the threshold condition for K” production in baryon induced reactions reads Js > M, + M, + M,

with \/g the center-of-mass energy of the colliding baryons. For a consistent treatment of the

thresholds the scalar and vector baryon mean fields entering into Eq. (2) are determined from two
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versions of the nonlinear Walecka model with K = 200MeV'". The hyperon field is thereby scaled
by 2/3. Since the parameterizations chosen for the nonlinear Walecka model yield the same EOS as
the Skyrme ones, the overall energy is conserved. The kaon production is treated perturbatively
and generally does not affect the reaction dynamicsm”. The rescattering effects and Coulomb
interactions of kaons are also included.

In our calculation we have used an impact parameter cut of b<3fm, corresponding to the
chosen centrality in the experiment, and a p; cut of p,/m>0.5, which is in agreement with the
experimental acceptancem.

Fig. 1 shows the average K" in-plane transverse momentum, p, /m (Here m is the kaon mass
in free space.), as a function of scaled rapidity (Y? = Yiu/Yem 1) in 1.93 A GeV *Ni+**Ni
reactions. In the figure the full squares represent old experimental data”. The full circles stand for
new data, their reflections with respect to mid-rapidity are shown by the open circles. The full
down (up) triangles denote the calculated results with (without) kaon potential in the nuclear

medium. The connective lines among calculated points are to guide the eye. It is seen clearly from
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Fig. 1. The sideflow of K* as a function of scaled rapidity (Y = Y /Yem 1)
in 1.93 A GeV **Ni + **Ni reactions. The full squares represent old experimental
data[g]. The full circles stand for the new datam], their reflections with respect to
mid-rapidity are shown by the open circles. The full down (up) triangles denote
the calculated results with (without) kaon potential in the nuclear medium. The

connective lines among calculated points are to guide the eye.

this figure that the theoretical results both with and without kaon potential lie within the error bars
of the old data, and can reproduce the nearly vanishing sideflow signal of K" mesons. However,
the new data with much smaller statistical error bars are only in agreement with the ones that
include the kaon potential in nuclear medium. This means that it is necessary to include the kaon

potential in nuclear medium in order to describe the new experimental data for the transverse flow
of K's.
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In summary, we have investigated the transverse flow of K's in heavy ion collisions at

intermediate energy within the framework of the QMD model. It is found that the new data with

improved statistical errors given by FOPI collaboration are consistent with the results that include

the kaon mean-field potential from the chiral Lagrangian but not the ones without any potential.

This indicates that the transverse flow pattern of kaons is sensitive to the kaon potential in nuclear

medium and is an useful probe of the kaon potential in nuclear medium.

References

10
11
12
13
14
15

16
17
18
19
20

21

Kaplan D B, Nelson A E. Phys. Lett.,1986, 175B: 57; 1987, 192B: 193

Brown G E, Bethe H A. Astrohys. J., 1994, 423: 659

Aichelin J, Ko C M. Phys. Rev. Lett., 1985, 55: 2661

FANG X S, Ko C M, LI G Q et al. Nucl. Phys., 1994, A575: 766; Phys. Rev., 1994, C49R: 608; L1 G Q, Ko C M.
Phys. Lett., 1995, B349: 405

Maruyama T, Cassing W, Mosel U et al. Nucl. Phys., 1994, A573: 536

Hartnack C, Jaenicke J, Aichelin J. Nucl. Phys., 1994, A580: 643

Fuchs C, Faessler Amand, Zabrodin E et al. Phys. Rev. Lett., 2001, 86: 1974

LIG Q, Ko C M, LI B A. Phys. Rev. Lett., 1995, 74: 235; LI G Q, Ko C M, Nucl. Phys., 1995, A594: 460; L1 G Q,
Brown G E. Nucl. Phys., 1998, A636: 4887

Ritman J L, Herrmann N, Best D et al. Z. Phys.,1995, A352: 355

Bratkovskaya E L, Cassing W, Mosel U. Nucl. Phys., 1997, A622: 593

WANG Z S, Faessler Amand, Fuchs C et al. Nucl. Phys., 1998, A628: 151

David C, Hartnack C, Kerveno M et al.1996, nucl-th/9611016

Herrmann H. Prog. Part. Nucl. Phys., 1999, 42: 187

Aichelin J. Phys. Rep., 1999, 202: 233

ZHENG Yu-Ming, SA Ben-Hao, ZHANG Xiao-Ze. Chinese Phys. Lett., 1989, 6: 117; ZHENG Y M, CHU Z L, Fuchs
C et al. Chin. Phys. Lett., 2002, 19: 926

Brown G E, Rho M. Nucl. Phys., 1996, A596: 503

Tsushima K, Huang S W, Faessler Amand. Phys. Lett.1994, B337: 245; J. Phys., 1995, G21: 33

Sibirtsev A. Phys. Lett., 1995, B359: 29

Tsushima K et al. Phys. Rev., 1999, C59: 369

Brockmann R, Machleidt R. Phys. Rev., 1990, C42:1965; Sehn L et al. Phys. Rev., 1997, C56: 216; Gaitanos T et al.
Nucl. Phys., 1999, A650: 97

ZHENG Yu-Ming, Ko Che Ming, FANG Shu-San. Chinese Science Bulletin, 1994, 39: 1074



( 102413)
Fuchs Christian ~ Faessler Amand
(Institute of Theoretical Physics, Tuebingen University, Germany)

( 102413)

(QMD) K’

(19975074) DFG(446CHV-113/91/1)



	ZHENG Yu-Ming    CHU Zi-Li
	Fuchs Christian  Faessler Amand
	XIAO Wu    HUA Da-Ping
	References


