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Hadronic observables at relativistic energies: Anything strange with strangeness?
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We calculatep, 7=, K=, andA (+2°) rapidity distributions and compare to experimental data from SIS to
SPS energies within the Ultrarelativistic-Quantum-Molecular Dynamics and Hadron-String Dynamics transport
approaches that are both based on string, quark, diqqaﬁ @qa, q_q) and hadronic degrees of freedom. The
two transport models do not include any explicit phase transition to a quark-gluon plasma. It is found that both
approaches agree rather well with each other and with the experimental rapidity distributions for pxé&pns,

o, andK™. In spite of this apparent agreement both transport models fail to reproduce the maximum in the
excitation function for the rati& /7 * found experimentally between 11 and AGeV. A comparison to the
various experimental data shows that this “failure” is dominantly due to an insufficient description of pion
rapidity distributions rather than missing “strangeness.” The modest differences in the transport model
results—on the other hand—can be attributed to different implementations of string formation and fragmen-
tation that are not sufficiently controlled by experimental data for the “elementary” reactions in vacuum.
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I. INTRODUCTION namic limit [16]. On the other hand, once the local equilib-
rium limit is reached in the reaction, any conclusion on the
The ultimate goal of relativistic nucleus-nucleus collisionsdynamics in the early nonequilibrium phase and its dynami-
is to reanalyze the early “big bang” under laboratory condi- ¢l degrees of freedom becomes highly model dependent.
tions and to find the “smoking gun” for a phase transition _Moreover, the question of chiral symmetry restoration at
from the expected inital quark-gluon plasn@GR) to a DI ECR ! AT 8 B ERe e e ot
phase characterized by an interacting hadron [das3]. ’ o

houah evid ¢ i h £ hadroni , _.zero baryon chemical potential indicate that a restoration of
Though evidence for a "new phase of hadronic matter” atpirg| symmetry goes along with the deconfinement phase
the SPS has been claimédl, a direct proof—according to  transition at a critical temperatufE,, the situation is less

the understanding of the authors—is still lackifg6]. Fur-  clear at finite baryon density where QCD sum rule studies
thermore, nucleus-nucleus collisions with initial energies peshow a linear decrease of the scalar quark condensate
nucleon of~21.3ATeV (/5=200 GeV) are available now (qg)—which is nonvanishing in the vacuum due to a spon-
at the relativistic-heavy-ion-collidgiRHIC) in Brookhaven, taneous breaking of chiral symmetry—with baryon density
an order of magnitude higher than at SPS energi¢s ( pg towards a chiral symmetric phase characterized duy)
~17-19 GeV). In central collisions of AuAu nuclei here  =0. This decrease of the scalar condensate is expected to
energy densities above 4 GeVfirare expected6]. These lead to a change of the hadron properties with density and
estimates are based on the Bjorken prescripftidremploy- ~ temperature, i.e., in a chirally restored phase the hadrons
ing a formation time ofr=1 fm/c. The latter quantity is Might become approximately massless as suggested in Ref.
uncertain by at least a factor of 2, which implies a corre-L17]. However, chiral symmetry restoration only implies that

: L : ector and axial vector currents should become equal
sponding uncertainty in the energy density. Nevertheless, er: ) o
ergy densities of a few GeV/finsuggest that the critical 18,19. Thus, vector and axial vector excitations of the QCD

density f GP ph hould b . vacuum must have the same spectral functions in the chiral
energy density for a QGP phase should be overcome in COfrnit 'As demonstrated in Ref§20,21] such a restoration of

siderable space-time volumes at RHIC, where the relevantyira| symmetry in central nucleus-nucleus collisions
degrees of freedom are partofguiarks and gluonsParton  gpoyid—driven by the baryon density—occur at bombarding
cascade calculatio8-10] are expected to provide suitable energies of 5-10AGeV. In Ref.[22] it has been argued,
descriptions in the early phagél,12 of these collisions, fyrthermore, that such “phase transitions” should be seen in
whereas hadrons should only be forniegl “condensation)  a much lower strangeness to entropy ratio. It has been also

at a later stage which might be a couple of énffom the  suggestedi21] that especially th& */7* might give an in-
initial contact of the heavy ions. In fact, hybrid models like dication for a chirally restored phase.

VNI +UrQMD (ultrarelativistic quantum molecular dynam-  The fact that thé<*/«* ratio is found experimentally to
ics) [13], VNI+HSD (hadron-string dynami¢g14] or the  be higher at top alternating-gradient synchrot(@iGS) en-
AMPT approacH15] also allow for a reasonable description ergies of 1AGeV than at 168 GeV has raised speculations
of the “soft” hadronic observables so far, which—due to the about the appearance of “new physics” at energies between
high interaction rate—are found to be close to the hydrodyAGS and top SPS. To shed some light on this issue,
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the NA49 Collaboration has started an energy scan at th# describe nucleus-nucleus collisions from SIS to SPS ener-
SPS. First results have become available now at 40 and 8fles for several years. Though different in the numerical re-
AGeV[23-29 and further studies are foreseen at 30 and 2Qilisation, both models are based on the same concepts:

AGe.V [26]..Since. thi§ topic is of current interest, we will string, quark, diquark,d, a qq, q_q) and hadronic degrees
restrict our investigations to the AGS and SPS energy rangg freedom. It is important to stress that both approaches do

in this paper. not include any explicit phase transition to a QGP. The phi-

From_ the theoretical S'd‘? the various hadrop spectra arf?)sophy is that a common failure of both models in compari-
conventionally calculated with nonequilibrium kinetic trans- : .
son to experimental data should—model independently—

port theory(cf. Refs.[27—-32). However, the calculated kaon indicate the appearance of new physics.

to pion ratio from central nucleus-nucleus collisions turns . . .
P The UrQMD transport approach is described in Refs.

out to vary by factors as large as 2 if different transport , ! . .
approaches are appliéd1,32—34. Thus, a unique interpre- [38,39. It includes all baryonic resonances up to an invariant

tation of the data is questionable so far. On the other hand"@ss of 2 GeV as well as mesonic resonances up to 1.9 GeV
statistical model§35] show a maximum of th&*/«* ratio @S tabulated in the PD{312]. For hadronic continuum exci-
at ~30A GeV since the relative strangeness content of barytations a string moddlet us denote it as “Frankfurt” string
ons is highest at low bombarding energies. It decreases witfodel (FSM)] is used. The hadron formation tinfevhich
higher energies due to an increase of temperature and a deelates to the time between the formation and fragmentation
crease of the baryon chemical potential. However, an analyof the string in the individual hadron-hadron center-of-mass
sis within the UrQMD transport model suggests that chemiframe is of the order of 1-2 fn@ depending on the mo-
cal and thermal equilibria are achieved only briefly in a smallmentum and energy of the created hadr@msing the “yo-
central overlap region of heavy-ion collision due to a veryyo” formation concept for the time definitiof38,39. The
fast expansion of the hadronic fireb4B6]. Moreover, the UrQMD transport approach is matched to reproduce
analysis of Ref[37] within the HSD transport approach in- nucleon-nucleon, meson-nucleon, and meson-meson cross
dicates that the equilibration time for strangeness at all bomsection data in a wide kinematical regimi@s,39. At the
barding energies is largeE(40 fm/c) than the reaction time high energies considered here, the particles are essentially
of nucleus-nucleus collisions. Thus, the statistical model ﬁt&broduced in primary high energy collisions by string excita-
to the data have to be considered_with some caution sinG§on and decay, however, the secondary interactions among
they are not understood microscopically. produced particlege.g., pions, nucleons, and excited bary-

In this work we concentrate on hadronic rapldlty distribu- onic and mesonic resonanq;_e.ﬂhat also contribute to the
tions of protons, kaons, antikaons, and hyperons and thefarticle dynamics—are included as well.
yields and ratios from At Au (or Pb+Pb) collisions from Whereas UrQMD operates as default in the cascade
SIS to SPS energies. The aim of our study is twofold: first, tamode, i.e., with hadron potentials turned off, the HSD trans-
find out the Systematic differences between two Currentl}bort approach |nc|udd$)y defaun scalar and vector fields of
used transport approachétenoted as UrQMO38,39 and  the particles which determine the mean-field propagation of
HSD [27,40) and second, to look for common failures in the hadrons between collisioff. Fig. 2 of Ref.[21]). The
comparison to related experimental data that have becomgsp transport approach incorporates only the baryon octet
available recently23—25 or provide predictions for experi- and decuplet states and {.440), N (1535) as well as their
mental studies in the near futuf@6], which are also of ganiparticles and the Dand 1~ meson octets. Higher bary-
relevance for the new GSI-propoga]. _ onic resonances are discarded as explicit stéepropaga-

Our work is _organlze_d as follows. In Sec. Il, we will tjon) in HSD; they are supposed to “melt” in the nuclear
describe the main ingredients of the UrQMD and HSD transmedium even at normal nuclear densiisee, e.g., Refs.
port approaches and point out conceptual differences. In Sep3 44)). The argument here is that the resonance structure
Ill, we study baryon stopping in central AuAu collisions  (apove theA peal is not seen experimentally even in pho-
from 4 to 160AGeV in comparison to experimental data toapsorption on light nucldi45]. In contrast to the resonance
(whenever available Section IV is devoted to a detailed concept—adopted in UrQMD for all low energy baryon-
comparison of both transport approachesmn, K™, K™, paryon and meson-baryon collisions—HSD includes the di-
and A +3° rapidity distributions, yields and different par- rect (nonresonantmeson production in order to describe the
ticle ratios as a function of bombarding energy from 2 to 160corresponding cross sectioffsr the details, see Ref27]).
AGeV. Again the calculations will be confronted with ex- In the HSD approach the h|gh energy inelastic hadron-
perimental data taken at the AGS and SPS. A direct Comparhadron collisions are described by tﬂﬂ_jND) String model
son of UrQMD and HSD on thep and 7~ p reaction level  (realized byrrITIOF-7.02[46]), where two incoming hadrons
is given in Sec. V to quantify the differences in the “elemen- emerge from the reaction as two excited color singlet states,
tary” differential cross sections. Section VI concludes ourje. “strings” (as in UrQMD. The formation time of all
study with a summary and discussion of open problems. hadrons—composed of light and strange quarks—in HSD is
assumed to berg~0.8 fm/c in the hadron rest frame
[27,40, which is lower than the “average” of the exponen-
tially distributed formation times of 1-2 fro/ used in

In this work we employ two different transport models, UrQMD. Note, that in both models the formation time in the
i.e., the UrQMD and HSD approaches, that have been usethlculational frame for heavy-ion collisiongaboratory or

Il. TRANSPORT MODELS —-UrQMD AND HSD
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center-of-mass frames dilated by the Lorentz factor, i.e., (x—B)?

te=y7e. F(X)nue=exp — oA | for leading nucleons,
Since at high energy heavy-ion collisions particle produc-

tion essentially proceeds via baryon-baryon and meson- F(X) proc= (1-x)2, for produced particles,  (5)

baryon string excitations and decays, it is worth to discuss
the differences in the realizations of the string models used ifjth A=0.275 andB=0.42. The fragmentation function
UrQMD and HSD. In both string models the production f(X) pro—Used for newly produced particles—is the well-
probability P of massivess or qqqq p:ﬂrs E suppressed in known Field-Feynman fragmentation functi¢p48]. At the
comparison to light flavor productioru(l, dd) according to  string breakup the/q pairs have zero transverse momenta in

a generalized Schwinger formuld7] the string reference frame, but the transverse momentum dis-
_ _ tributions of the single quarkp;) and the corresponding
P(s9 _ P(ss) o ;{ B ng— mé) 1) antiquark (— 50 are taken to be Gaussian
P(uw P(dd) ° 2 )’

f( (6)

1 p?)
with the string tensiork~1 GeV/fm. Thus, in the string P)= W/WUZeX a?)’
picture the production of strangeness and baryon-antibaryon
pairs is controlled by the masses of the constituent quarkgith c=1.6 GeVk.
and diquarks. Inserting the constituent quark massgs Despite the differences in the fragmentation functions,
=0.3 GeV andms=0.5 GeV a value for the strangeness both string models describe quite well the data available for
suppression factoys~ 0.3 is obtained. While the strangeness particle multiplicities and total spectra fropp collisions at
production in proton-proton collisions at SPS energies is reahigh energiegsee Ref[38] for UrQMD and Ref.[33] for
sonably well reproduced in the LUND string model with HSD). Also the inelastic pion-proton cross section is in good
vs=0.3, the strangeness yield fpr+ Be collisions at AGS agreement with the experimental data in both models,
energies(which is a good probe for the isospin averagedwhereas differential spectra can differ substantiédfy Sec.
elementaryp+p and p+n reaction$ is underestimated by V). The LUND string modelin HSD) has also been tested
roughly 30% [33]. Therefore, the strangeness suppressiorfor low energypp collisions as well as forrN interactions
factor has been enhanced to 0.4 at AGS energies for thef. Chap. 2 in Ref[33]). It has been shown that the LUND
elementary nucleon-nucleon cross section in HSD. Thus, thstring model underestimates pion and kaon/antikaon yields
relative production probabilities for the different quark fla- closer to their production threshold. In HSD the threshold for

vors in the HSD model are string formation and decay, thus, is taken ¥s=2.6 GeV
. for baryon-baryon collisions and as=2.1 GeV for meson-
HSD: u:d:sidiquark baryon collisions. For lower invariant energig's resonant

[ and direct meson production mechanisnts.g., 7N
_ 1:1:0.3:0.07  for \/5220 GeV —Nmm) dominate, which are implemented in addition in
1:1:0.4:0.07 for \/§s5 GeV, HSD to ensure smooth excitation functions of the meson
multiplicities from threshold to a few hundred Gey/
with a linear transition of the strangeness suppression factor

as a function of/s in between. The relative production prob- IIl. BARYON STOPPING
abilities for the different quark flavors in UrQMD are fitted ) o )
to Though various predictions have been made in both trans-

port models since a couple of years, it is of importance to
UrQMD:  u:d:s:diquark=1:1:0.35:0.1. 3) compare _with actual data.. We employ_the .experimental cuts
in centrality to get as realistic as possible in the comparison
of baryon stopping achieved in both theoretical approaches
and in the different experiments. A related comparison is
presented in Fig. 1 for protons from 5%, 6, 8, 10.7, and
160 AGeV) and 7% central20, 40, and 80AGeV) Au
+Au (AGS) and Pb+Pb (SPS collisions at 4—16A GeV?!
The experimental data at 4, 6, 8, and 18.BeV have been
taken from Ref[49] (circles, at 16(AGeV from Ref.[50]

Additionally fragmentation function§(x,m;) must be speci-
fied, which are the probability distributions for hadrons with
transverse magssg; to acquire the energy-momentum fraction
x of the fragmenting string. One of the most common frag-
mentation functions is used in the LUND moddb] (which

is adopted in the HSD approa83))

1
f(x,mp)~ = (1—x)%exp —bm?/x), (4)

X INote that for all UrQMD and HSD calculations presented in this
work the centrality of the reaction has been determined by a com-
with a=0.23 andb=0.34 GeV 2. In UrQMD different  parison of the transport calculations to the energy distribution in the
fragmentation functions are used for leading nucleons angeto calorimeter of the NA49 collaboration for SPS energies and to
newly produced particles, respectivelfcf. Ref. [38],  the new multiplicity arrayNMA) and ZCAL calorimeters at AGS
Fig. 3.16 energies.
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Au+Au I |Pb+Pb I

60 |

100 IEI 4 A GeV, 5% central | 20 A GeV, 7% central

£\

80 |

FIG. 1. The rapidity distribu-
60 | 40 A GeV, 7% central . tions for protons from 5%4, 6, 8,
10.7, and 160AGeV) and 7%
central (20, 40, and 80AGeV)

i Au+Au (AGS) and Pbt+Pb(SPS
collisions at 4—-160AGeV. The
experimental data at 4, 6, 8, and
10.7 AGeV have been taken from
Ref. [49] (circleg, at 16(A GeV

' ; ; ; ; ' ; ; ' from Ref. [50] (triangles and

i 8 A GeV, 5% central 1 60 80 A GeV, 7% central from Ref. [51] (circles. The full
symbols correspond to the mea-
sured data, whereas the open sym-
bols are the data reflected at
midrapidity. The solid lines with
stars show the results from the
UrQMD calculations, while the
solid and dashed lines stem from
the HSD approach with and with-
out potentials, respectively.

40

® exp. data
——HSD-pot.
----- HSD-cas.
—%—UrQMD

20 |

(triangles and from Ref.[51] (circles. The full symbols 10.7AGeV and a flatter rapidity distributiodN/dy around
(here and for all further figuresorrespond to the measured midrapidity slightly closer to the experimental data. This ef-
data, whereas the open symbols are the data reflected fatct can easily be attributed to the energy stored in the repul-
midrapidity. The solid lines with stars show the results fromsive mean field at high baryon density and moderate bom-
the UrQMD calculations, while the solid and dashed linesbarding energy. Above about AGeV such potential effects
stem from the HSD approach with and without potentials,are no longer statistically significant in the calculations since
respectively. the repulsive mean-field decreases strongly with momentum
We note, that in the UrQMD calculations “spectator” pro- (cf. Fig. 2 of Ref.[21]) such that at 42GeV no repulsion is
tons have been cut off, whereas they are still present in theeen by the nucleons in the initial high density phase. Only
HSD calculations; this leads to the maxima in the protonwhen the system partly thermalizes and the nucleon mo-
rapidity distributions at target and projectile rapidity in the menta relative to the fireball reference frame become smaller
HSD calculationgcf. Fig. 1). Nevertheless, the HSD cascade the baryons “feel” again a repulsive mean field, however,
calculations are found to agree with UrQMD cascade calcunow at rather low baryon density. We recall that at density
lations from 4 to 20AGeV within 5%, whereas UrQMD the potential is even attractive for momenrt®600 MeV/c.
shows somewhat more proton stopping than HSD at higher In general, the HSD results indicate slightly less baryon
bombarding energies. The mean-field propagation effects iatopping than the UrQMD calculations. At 18GeV the
the HSD approach are most pronounced at low bombardingxperimental data favor a minimum of the distribution at
energies leading to a reduction of baryon stopping from 4 tanidrapidity, which is reproduced by the HSD calculations.
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| Au+Au I
80l  4AGeV,5%central |  6AGeV, 5%central |  8AGeV, 5% central ] 10.7A GeV, 5% central |
O exp. data
60 e HSD-pot. | 1 P ]
eee=e= HSD-cas. ‘,—\“ y > "‘%ﬂ
—x—UrQMD .,' 3 el .' EE
40 | P 1 y Y 4 + : En‘:
5 \ 7/ o . .
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J¥ o
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FIG. 2. The rapidity distribu-
tions for w7, K*, K, and A
+3%s from 5% central Ad-Au
collisions at 4-10.7AGeV in
comparison to the experimental
data from Refs[53—-58. The thin
solid lines with stars show the re-
sults from the UrQMD calcula-
tions, while the thick solid and
dashed lines stem from the HSD
approach with and without poten-
tials, respectively.

dN/dy

However, the UrQMD calculations only deviate by5%.  with starg. Both figures—taken together—provide an over-
We note, that for semicentral and peripheral +Htb  view on the energy dependence of the different rapidity dis-
collisions at 168GeV the UrQMD calculations are in tributions and the virtues/failures of the transport models.
good agreement with the data from REBO] (cf. Fig. 1 in At 4AGeV all transport versions overestimate thé
Ref.[52]). spectra. This deviation is most pronounced in the HSD “cas-
Thus, the overall description of the rapidity spectra fromcade” version. On the other hand, UrQMD is higher than
both models(with/without potentials in this wide energy HSD in the strangeness chann&s and A +X°, whereas
regime is quite remarkable in view of the different “had- HSD (with potential$ is quite compatible with the midrapid-
ronic” degrees of freedom and string “parameters” involved. ity data. At A GeV the HSD(with potentia) calculations are
in line with the experimentak* and A +2° data, whereas
the UrQMD results are still too high. All calculations again
overestimate thew™ rapidity spectra. At 8GeV the
We continue with7=, K*, K=, and A+3° rapidity =~ UrQMD and HSD results continue to overestimate thée
spectra in 5%, 7%, or 10% central collisions of AAu or  yield, while now the HSD calculation&vith potentia) fall
Pb+ Pb, respectively, from 4—160GeV. We compare to the low in the strangeness channels contrary to the HSD cascade
AGS data from Refs[53-54 in Fig. 2 and SPS data from and UrQMD results. At 10XGeV the picture continues:
Refs.[23—-25 in Fig. 3. Here, the thick solid lines denote the both models give too many ™, the strangeness yield is ap-
HSD results including the potentials, the dashed lines reprearoximately reproduced in the cascade versions and underes-
sent HSD calculations in the cascade mode, which should bgmated in the HSD simulation with potentials.
directly compared to the UrQMD resulighin solid lines At 20AGeV, most relevant for the future GSI facility

IV. PION AND STRANGENESS PRODUCTION
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15}

10}

20

15

10}

20 A GeV, 7% central

| Pb+Pb |

40 A GeV, 7% central 80 A GeV, 7% central 160 A GeV, 5% central

FIG. 3. The rapidity distribu-
tions for #—, K*, K7, and A
+3.%s from 5% (160A GeV), 7%
(20, 40, and 80AGeV) or 10%
central A +3° at 16(AGeV) Pb
+Pb collisions at 20—-16@ GeV

in comparison to the experimental
data from Refs.[23-25. The
solid lines with stars show the re-
sults from the UrQMD calcula-
tions, while the thick solid lines
stem from the HSD approach with
potentials.

+X

10% central

32101 2 3

y

32101 2 3 32101 2 3 32101 2 3

y y W

[41], both transport modelsvith/without potentialsgive the  the UrQMD results presented in Fig. 3 are taken from
same rapidity distributions for all hadrons considered hereRef.[34].

Note, that the cascade HSD results are not shown explicitly As a more general overview on the” abundancies in
in Fig. 3 since the cascade and potential results are practientral Aur Au and Pbr-Pb collisions, we show in Fig. 4 the
cally coincident. As discussed above this is due to the”.  (upper ploty and =~ (lower ploty multiplicities at

momentum-dependence of the scalar and vector potentials
HSD; both potentials vanish for relative momenta of a
couple of GeVt. Deviations between HSD and UrQMD

midrapidity (left column and integrated over rapiditfright
column as a function of the bombarding energy in compari-
son to the available data from Ref&3,53. Here, the solid
lines with open triangles show the results from the UrQMD

come up again at 4GeV, where UrQMD now gives more  caicylations, while the solid lines with open squares and
7~ and lacks a fevk *, whereas th& ~ andA +3° spectra  dashed lines stem from the HSD approach with and without
are reasonably reproduced. At this energy H&Dh/without  potentials, respectively. At lower AGS energies the UrQMD
potentialg only overestimates the ™~ distribution slightly. At model gives slightly less pions then HSBith/without po-
80AGeV the UrQMD spectra are also fine fiér andA, but  tentia), but both models overpredict the midrapidity data
low for K and too high form~. At 160AGeV the HSD  (except UrQMD at 2GeV, which is in line with the data
calculations indicate slightly too fewr™ at midrapidity, point at midrapidity. About 20A GeV is the “crossing point”
however, do well fork* and A+3° as already demon- for both transport calculations and at SPS energies the ten-
strated earlier in Refs[27,33. The UrQMD results here dency turns around: UrQMD gives more pions than HSD, so
show too manysw~ and a slightly higherA+3° yield, that HSD is now in a better agreement with the experi-
whereas th& * distribution is underestimated. We note that mental data.
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250 T L] T 800 T T T
A
+ +
200 | n A i T
600 | ]

P
=
I 150 ¢ =
=" 12
>, > 400 | J FIG. 4. The excitation function
§ 108 L _ i~ of #* (upper plotg and 7~
=] ® (lower ploty yields from 5%

(AGS energies and 180GeV) or

@ exp. data 200 | @ exp.data

—C—HSD, pot. 7% central (20, 40, and 80

50 —{=—HSD, pot. <
=====HSDyeas. | | N @ ==e=e- HSD, cas. AGeV) Au+Au (AGS) or Pb
—A—UrQMD —A—UrQMD +Pb (SPS collisions in compari-
e m ™ Bl m ™ son to the experimental data from
250 800 Refs.[53,23 for midrapidity (left
' ' ' ' ' T A column and rapidity integrated
- A - yields (right column. The solid

lines with open triangles show the
results from the UrQMD calcula-
tions, while the solid lines with
open squares and dashed lines
1 stem from the HSD approach
with  and without potentials,
respectively.

200 | T i T
/ i 600 |

150 | / 4

100 |

@ cxp. data 200 | @ exp.data |
50 | —O—HSD, pot. | === HSD, pot.
-----HSD,¢as. | | g/~ _____ HSD, cas.
—A—UrQMD —A—UrQMD
0 i i 3 0 N 1 1
1 10 100 1 10 100
E, /A [GeV] E,/A [GeV]

The overestimation of the pion yield at low and high en-the number oh to be equal to the number of antiprotons as
stood. In Ref.[59] Larionov et al. have speculated that . — -
symmetry for the pions, we géd/7~1%. If all N's pro-

higher ryon resonances—more massive than . . .
gher baryon resonances ore massive than the duced initially are annihilated, which is an upper estimate for

E)?)Stﬁniinl\?eN_a?I\?vgﬁl t;esjse:; gr?r? elit ?_irésﬁlgts e?fk::gtlisfosls the pion production from this channel, then we could achieve
energies(and slightly higher bombarding energigs a re- a maximum increase of the pion number by 5%. Thus, a
0% overestimation of the pion yield by UrQMD at

duction of the pion yield in collisions of heavy systems such™ 2 . N
as AutAu, whereas light system.g., G+ C) are not ef- 160AGeV can only partly be attributed to the missing mul-
fected very much59]. Though this might be a possible ex- timeson fusion channels.

planation at SIS and lower AGS energies, other effects such The K™ (upper plots andK ™ (lower ploty multiplicities

as strong pion self energies could also lead to a reduction ¢t midrapidity (left column and integrated over rapidity
the pion abundance in the transport models. Such many-bod§ight column are shown in Fig. 5 as a function of the bom-
effects have not been incorporated in the calculations prelarding energy in comparison to the available data from
Sented here_ At SPS energies and especia”y alA G/ RefS[23,53_| Here, the mldrapldlty and '[Ota| yleldS summa-
another production channel for pions becomes sizeable, i.efize the findings from Figs. 2—-3: Thi€ = abundancies are

the annihilation of baryon-antibaryorBB) pairs that leads Well described by both transport models. TKe yield at

: : ; idrapidity (left column is slightly overestimated by
on average to five pion®@r more. However, by employing mi ) :
detailed balance on the many-body lef@0] the BB anni- UrQMD at AGS energies and underestimated at SPS ener

o . gies, whereas HSD is in a reasonable agreement with the
hilation rate is found to be almost compensated by manyg ;- except of the upper AGS energigsth potentials in-

meson fusion channels that recre®B pairs. This many-  cluded. This tendency stays the same for the Kaon yield,
body channel is not incorporated in UrQMD and, thus, mighthowever, at SPS energies the difference between both mod-
partly be responsible for the overestimation of t'hel pion yieldels for the 4r yields is smaller than at midrapidity since

A rough estimate, however, shows that this missing channglyQMD provides a slightly broader kaon rapidity distribu-
cannot be the only reason: as calculated in Ré8] (and  tijon than HSD(cf. Fig. 3. Thus, an underestimation of
approved by recent NA49 measuremd®5)) the p/{m) ra-  strangeness production is not the prevailing issue as demon-
tio [(w)=0.5(z"+ 77)] is approximately independent on strated in Fig. 5 in comparison to the recent experimental
the centrality of the Au- Au collision and~1%. Assuming data from NA49[23]. Both transport models can roughly
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describe—uwithin their systematic range of uncertainties—thenergy for central collisions of AtiAu (AGS) or Pb+Pb

K= spectra and abundancies. = - (SPS in comparison to the available data from Refs.
In Fig. 6, we show theK™/7" and K™/7~ ratios at  [24,2557,58,61 Here, UrQMD (solid lines with open tri-

midrapidity (left column and integrated over all angles angles slightly underestimates themyields at 40 and 80

(right columr)_ as a function of the bombarding energy for AGeV, whereas HSDisolid lines with open squareseems
central collisions of Ad-Au (AGS) or Pb+Pb (SPS in 5 give a better description. Nevertheless, all models com-
comparison to the available data from Ref®3,53. pare rather well with data.

Whereas the excitation function of th€ /#~ ratio is 0 . : P,
; The (A+3% /7 ratios at midrapidity (lower left pari
roughly reproduced by both transport models, the maximury, , integrated over# (lower right par} are underestimated

in the K*/#™" ratio seen experimentally both at midrapidity . ) : ) )
(upper IeftT)arl and in 4 (ugper right pél)tis not descrilged y _sllghtly, which should again be attributed to the pion excess
by HSD as well as UrQMD. For thk* /= ratio both mod- in the transport modelgsee above Nevertheless, the

' smaxima in the ratios (# and midrapidity observed experi-

els give quite different results. HSD gives a monotonou . oo N
increase of this ratio with bombarding energs pointed mentally is qualitatively reproduced by both models indicat-

out in Refs.[21,33), whereas within UrQMD the ratio 'Nd that with increasing bombarding energyquarks are

shows a maximum around 10 A GeV and then drops slightlynore frequently produced within mesonk,(K*) rather

for the midrapidity ratio or stays roughly constant for the 4 than in associate production with baryons. A similar trend is

ratios. In view of Figs. 2-5 this failure is not primarily due also found in statistical model fi{S5].

to a mismatch of strangeness production, but more due to an The excitation function for thé /K™ ratio in central

insufficient description of the pion abundancies. collisions of Aut+Au (AGS) or Pbt+Pb (SPS is shown in

Figure 7 shows the excitation functions &f+ 3° hyper-  Fig. 8 for midrapidity ratiogleft-hand sidellhs)] and in 4

ons at midrapidity(upper left parnt and integrated over all [right-hand side(rhs]. Experimental dat423,53 here are

angles(upper right pait as a function of the bombarding only available for the midrapidity ratios. Again, we find that
both transport models give similar results for this ratio which
are comparable to the data. Statistical models also fit this

2\We note that the HSD results presented in this work are produced

with much higher statistics than in Ref&1,33 due to the increas-

ing computer power available. Also the centrality selection is done *The pion multiplicity is calculated as=3/2(w" + 7 ") in line

now in line with the actual experimental setup. with Refs.[24,25].
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ratio quite well. Whether this finding implies that “chemical failure of the transport models for th€" /7" ratio at the top
equilibration” is approximately achieved in central collisions AGS energiesand slightly abovg To this aim let us assume
of heavy nuclei is still an open questip62]. that the pion yield is decreased by some mechanism to the
One note of caution again: the pions in both transportactual yield observed experimentally. Since kaons and anti-
models are treated as “free” particles, i.e., with their vacuumkaons are also produced in secondary nonstrange meson-
mass. On the other hand, lattice QCD calculations as well asaryon collisions, this will imply also a reduction of the kaon
effective Lagrangian approaches like the Nambu-Jonanumber in the transport calculations. For centrabAAu re-
Lasinio (NJL) model show that the pion mass should in- actions these secondary channels give roughly the same
crease with temperature and density. So the overestimatismount of kaons and antikaons as the primsdiy channels.
of the pion yields in HSD and UrQMD might be a signature Thus, a 20% decrease in the pion number will lead to a
for a dynamically larger pion mass. Moreover, in-mediummaximum change in the kaon number by 10% and the
changes of the strange hadron properties, as known frol* /7" ratio might increase by about 10%, too. This relative
experimental studies at SIS energies, should also show up #icrease will improve the situation in comparison to experi-
AGS and SPS energies. Thus, including all medium effectsnent, however, not solve the problem. Another possibility is
simultaneously in a consistent way might provide a morghe enhanced production afs pairs in the hot and dense
conclusive interpretation of the ratios in Figs. 6—8. Howeverp,qronic medium relative to the vacuum, i.e., an increase of
such calculations require a precise knowledge about the mg; _in Eq. (1). Such modifications might be driven by an
mentum and density dependence of the hadron self-energigsnanced string tensiog in the medium[64] or a relative
wh|c.h. is r_lot available +so fa[. Note, that up to now 'n'med_'umdecrease ofni—mg with density and temperature. Alterna-
m_od|f|cat|ons of t_heK » K propertles haYe been Stug'Ed tively, also the formation of a QGP in the initial phase might
with HSD employing a dropping ok~ and increase ok lead to enhanced strangeness production. According to the
masses in the mediuf63]. As summarized in Ref27] such 5 ;ihors point of view such phenomena cannot be excluded

a scenario leads to an enhancemeriofand a lowering of  oqanty however, there is also no strong evidence in favor
K™ yields at SIS energieévhich is close to threshold for of them.

K™*, K~ production. It modifies only slightly the strange-

ness ab_undancies at _SPS en_ergies. However, _c_hira_l symmetry V. UrQMD VERSUS HSD
restoration also requires a simultaneous maodification of the
pion properties. Though both transport approaches—HSD and UrQMD—

We close this section with some speculations about thgive qualitatively and quantitatively similar results for
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proton,7*, K*, and hyperon rapidity distributions, there are vious comparisonsshowing that at~80A GeV the same

quantitative differences that should be cleared up. To thismount ofs quarks end up in mesons and baryons, whereas

aim, we concentrate on idealized model comparisons whicaryons are preferred at lower energies. Srauarks in an-

are not directly comparable to experimental data. tibaryons are almost negligible in this energy range. We men-
The excitation functions fos- ands-quark production in  tion here that strangeness conservation is exactly fulfilled in

b=0 collisions of Au-Au (AGS) or Pbt+Pb (SPS nuclei  both transport models such that at all energies the number of

(HSD, Ihs; UrQMD, rh$ are shown in Fig. 9 which finally s quarks is identical to the number sfquarks.

end up in mesons or baryon@ntibaryons The solid The channel decompositidfraction in %) for the finally

(dashedl lines with full (Eper) squares and circles indicate gpservedk * (left column) andK ~ (right column from HSD

the number ofs quarks & quarkg in baryons(antibaryong  (upper partand UrQMD(lower par} are shown in Fig. 10 as

and mesons, respectively. Both models give qualitatively and function of bombarding energy for AuAu (AGS) or Pb

quantitatively similar resultéas already found from the pre- +Pb (SPS collisions at impact parametér=0. Note, that

0.8 0.8

N _ " FIG. 8. The excitation function
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06 06 (AGS energies and 160GeV) or
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041  _A—yurQMD . son to the experimental data from
Refs.[23,53 for midrapidity (left
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yields (right column. The solid
lines with open triangles show the
results from the UrQMD calcula-
tions, while the solid lines with
0.0 1 L L 0.0 1 L L
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E,/A [GeV] E /A [GeV] approach with potentials.
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FIG. 9. The excitation function
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only the contributions of the dominant channels are shown irkaons/antikaons remain unaffected by secondary inelastic in-
Fig. 10. For a correct interpretation of Fig. 10 one has tateractions(cf. the lines denoted asBB string” in Fig. 10).
keep in mind, that at high energies initially s quarks are  Most of the finalK* and K~ mesons—above 10 GeV—
produced in primary nucleon-nucleon collisions and later orfinally stem from K**(892) decaysl[lines “K*(892)"]

in meson-baryon interactions via string excitation and decaywhich are either produced directly in string decays or by

However, subsequently the strange partidieduced ini-

pion-kaon resonant scattering. As seen from the lower part of

tially) participate in chemical reactions with flavor ex- Fig. 10, in UrQMD a large fraction of finak™*, K~ stem
changes. As a result only a few percent of the “primary” directly (without K* production and decayfrom meson-
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or Pb+Pb (SPS collisions at im-
pact parametebp=0.
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baryon collisions(line “mB string”). These are realized in respect, we show in Fig. 11 the proton rapidity distributions
UrQMD via an excitation of a single string that furtheron for pp collisions from HSD (solid lines and UrQMD
decays isotropically, which is reminiscent of the resonancgdashed lingsbetween 4 and 160 GeV laboratory energy.
mechanism. The same mechanism is also used for high efrhis provides information on the different string excitation
ergy meson-meson collisiori§ine “mm string”). In HSD  and fragmentation schemes. The experimental data at 160
this channel is treated differently, i.e., vi&*(892) reso- GeV are taken from Ref50]. As seen from Fig. 11, how-
nance production and, thus, contributes to th€*{892)”  ever, the differences between the two string fragmentation
channel. Note also, that in UrQMD—in the channel denotedschemes are only minor. Where do the differences in baryon
as mB string—the kaon/antikaon-baryon collisions are stopping—shown in Fig. 1—come from?
counted, too, whereas they are not counted here in HSD. In The differential rapidity distributions forr=, K=, and
both models only a few percent of the finl" and K~ A+3%s from pp collisions, however, show substantial dif-
appear from thep(1020) meson decays lines (1020. We  ferences as demonstrated in Fig. 12. The experimental data
mention that only a small fraction of thé decays can be for K*’'s andA+3%s at 160 GeV are taken from Ref&5]
reconstructed fronK *K ™~ invariant mass spectra. and [66], respectively. Though ther rapidity distributions
The conceptual differences in the treatment of strangenesge roughly comparable in both models, there is a trend for
production in both transport approaches are more prodrQMD to give slightly more pions with decreasing bom-
nounced at low energies. UrQMD implements the full reso-barding energy than HSD, whereas in heavy-ion collisions
nance dynamics assuming the vacuum resonance properti¢ke trend is opposite—HSD gives more pions at low energies
At low energies the baryon and meson resonances are ethan UrQMD, whereas UrQMD gives more pions at high
cited in baryon-baryon EB), meson-baryon riB), or  energie$ (cf. Figs. 2 and 8 For K~ mesons the results of
meson-mesonnim) collisions (below the string thresholfls both models are comparable at high energies, however, they
and decay(after time 1I') to K*, K~ [cf. the line “N*”in deviate closer to th& ™ production threshold. Fak™ and
Fig. 10 denoting the fraction of the findl™, K~ from A -+3° both models differ substantially, too. Here HSD gives
strange baryon resonance decai(1650), N*(1710), moreK™ at low energies, whereas the UrQMD rapidity dis-
N*(1720),N*(1990), and line Y* " for the higher hyperon tribution is broader at 160 GeV. The yield from pp colli-
resonances as well as the lin&s'+ K§ andag+ fq indicat-  sions is also higher from HSD—due to strangeness
ing the fraction from the decay of meson resonancesconservation—and shows distinct peaks in the rapidity dis-
K1(1270), K§(1430), anday(980), f,(980), respectively tribution closer to target and projectile rapidities at high en-
In HSD, these high strange baryon and meson resonances &@jies, whereas the UrQMD rapidity distributions fo's are
not produced and propagated expliciths indicated in Sec. narrower and almost peaked at midrapidity. Experimental
Il). Instead—in low energy8B, mB, or mm collisions—  data [66]—available at 160 GeV—show a minimum at
strangeness is directly produced with respect to the corrénidrapidity giving no strict preference for one of the string
sponding transition rates and two-, three- or four-body kinefragmentation schemes.

matics for the final state@f. lines denoted as#N—KY,” Thus, strange quarks are produced more at midrapidity in
“ 7Y—KN” or “ mm collisions” in the upper part of Fig. UrQMD, both for mesons and baryons, whereas in HSD

10). This comparison demonstrates that the individual chanduarks arel concentr_z(ijt_e_d inTrTesogif at midrz_ipidhity ?nd in
nels are treated quite differently though the final results ar@aryor_]s at larger rapidities. These differences in the elemen-
very similar. tary differential rapidity spectra explain also the different
Thus, as seen from Fig. 10, only a small fraction of kaons[apidity distributions from central nucleus-nucleus collisions
antikaons(less than 10% of the kaons and less than 6% of" Figs. 2 and 3 to a large extent. Presently it is not clear—

the antikaonsfrom energetic initial baryon-baryon collisions ?ue to tttwet_lack %f corr_es!?ondlng elxri_erlﬂmoeniz;l]l da;tha—;]/v h'gh
(cf. lines denoted aBB string) survives the hadronic rescat- ragmentation scheme IS ‘more realistic.” Un the other hand,

tering phase during the expansion of the fireball without re-th!S comparison sheds some light on the *systematic” uncer-
interaction. Most of the final strange particles emerge aftefainties in present relativistic transport approaches. These

rescattering—shifting quarks from mesons to baryons and systematic uncertainties have to be kept in mind when at-

vice versa—thus, providing a very distorted picture of the!€MPting to dra_W cotnclusmn_s frotml Cr;utcleus-nucleus colli-
initial strangeness production mechanism and the elementafs}Ons In comparison to €xpéerimental data.
Before closing this section, we confront both transport

degrees of freedom involved. Consequently, as pointed out in . : .
Ref.[34], the K™ and A spectra do not allow for stringent ’T‘Ode's V‘_"th the available data on the prod_u_ct|on Cross sec-
conclusions on the initial phase of high energy density. orfions of p|r?ns a}:d ;trzlange hildrorls frp+r|n CO|JISIOH§.A|H g%

the other hand, these frequent flavor exchange reactions m , we show the inclusiver™, «—, K7, K=, andA+

be viewed as the reason why statistical modelsploying o_duction Cross sections_ fr(_)pnp cqllisions versus the ki-
chemical equilibriurh seem to work reasonably well. netic energyE,,,. The solid lines with open triangles show
the UrQMD results, the solid line with full squares indicate

the HSD results with the strangeness suppression fagctor

A. pp reactions

In order to get some idea about the differences betweemr———
both transport approaches, we go back to the description of*we will attribute this to the influence of secondanB scatter-
the elementary channels liggp or 7=~ p in vacuum. In this  ings, where more mesons are produced within UrQMD.
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i FIG. 11. The rapidity distribu-
tion of protons frompp collisions
at 4-160 GeV as calculated
within HSD (solid lines and
UrQMD (dashed lines The ex-

. perimental data at 160 GeV are
taken from Ref[50].
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defined by Eq(2), whereas the dot-dashed lines correspondsospin channel is probed in Fig. 13 in comparison to data,

to ys=0.3. The experimental data are taken from RE§g]  whereas in nucleus-nucleus collisions essentially isospin av-
(full triangles, [68] (full and open circles [69] (open eraged cross sections are of relevance. In fact, both transport
squarel and[70] (starg. The pion cross sections are quite models differ in the isospin dependent cross sectionsfer

well described by both models; UrQMD gives mare than  collisions, whereas isospin averaged particle yields are more
HSD at low energy in line with the data point frof87],  similar. We recall again that strangeness conservation holds

whereas HSD follows more closely the data from R€8B].  explicitly for both transport models with respect to all reac-
The inclusive antikaon cross section is well reproduced b3f|ons employed.

both approaches. As already demonstrated in Fig. 12 HS
gives moreK™ and neutral strange hyperons than UrQMD
below E;,,~80 GeV. The neutral hyperon yield from
UrQMD (for E;;,=<80 GeV) is more in line with the data, We now turn to the elementary pion-nucleon collisions
whereas th& " yield is slightly underestimated from 10—80 that play a substantial role in secondary meson-baryon colli-
GeV. In contrast HSD seems to better reproduce Khe  sions. The differentiatr*, K=, andA (+X°) rapidity distri-
cross sections but to overestimate the-3° yields inpp  butions from 7~ p reactions from 2—-8 Ge laboratory
reactions at lower energies. momentum are shown in Fig. 14 for UrQM@ashed lines
The differences in these “input” cross sections are quiteand HSD(solid lineg. Also here experimental data are not
sizeable, however, one has to keep in mind that only a singlavailable for a comparison. Though the total and elastip

B. @~ p reactions
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cross sections are very similar in both models and in ling=igs. 5—7 this expectation does not hold true since in
with experimental datécf. Refs.[33,38), the explicit rapid-  UrQMD the strangeness production from secondanB)

ity distributions for various final states differ by up to a fac- channels is substantially higher now, which compensates—
tor of 2—3. This holds true also for the isospin dependentelative to HSD—for the initially lower strangeness produc-
cross sectionge.g., K* versusk®) that are not probed in tion from NN collisions.

nucleus-nucleus collisions due to initial isospin averaging. In  |n summary, the dominant differences between HSD and
general, the string model in UrQMD produces substantiallyyrQMD for central nucleus-nucleus collisions can be traced
more 7", K=, etc., in 7+N reactions than the LUND pack to different string fragmentation schemes B and
model employed in HSD. Consequently, hadi@mcluding  mp strings that lead to substantially different hadron distri-
strange mesgrproduction by secondary meson-baryon col-y,ions in rapidity as well as isospin. Presently, these string
lisions is sizeably higher in UrQMD than in HSD. This ob- 1,4 4e|s are not sufficiently controlled by differential experi-

servation clarifies to some exte_nt the highze*r yield in Fig. mental data. Furthermore, the string models employed are
4 from UrQMD at SPS energies relative to HSD and thepq; (aijored to describe the isospin dependence of the el-

experimental data. On the other hand, strangeness producti%% : - - ;
. ) i ' entary cross sections at lower invariant energes
(K™, A+3° from pp collisions is much higher in the y g

LUND approach(cf. Fig. 12 than in the FSM(used in
UrQMD) such that one might expect the HSD approach to
give more kaons and hyperons in central nucleus-nucleus In order to explore the main physics from central
collisions due to a higher initial production. As seen fromreactions it is instructive to have a look at the various particle

C. pp versus central AA reactions
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multiplicities relative top p collisions as a function of bom- VI. SUMMARY

barding energy. To this aim, we show in Fig. 15 the total In thi K h f d ¢ i vsis of
multiplicities of 7, K*, andK ™~ (i.e., the 4r yields) from N this work we have periormed a systematic analysis o

central AutAu (at AGS or Pb+Pb (at SP$ collisions in hadron production in c_entra_l A.‘HAU or Pb.+ Pb coIIi_sions
comparison to the total multiplicities fromp collisions ver-  70M SIS to SPS energies within the H$Bith and without
sus the kinetic energy per partidig,, . The solid lines with  Potentials and UrQMD transport approaches in comparison
full triangles and squares show the UrQMDs) and HSD to the experimental d_ata available. We flnq tha_tt both t_ra_tr?s-
results(rhs) for AA collisions, respectively, while the dotted POrt approaches—which are based on quite different initial
lines with open triangles and squares correspond tepine  INgredients—roughly give comparable results for the differ-
multiplicities calculated within UrQMDOhs) and HSD(thg. ~ €ntp, @~, K=, and hyperon distributions in a wide energy
The multiplicities frompp reactions in Fig. 15 have been regime from 2 to 160AGeV. It is remarkable that the cas-
multiplied by a factor of 350/2, which corresponds to thecade mode of HSOwhich operates by default in the poten-
average number of participards,,, in the heavy-ion reac- tial mode gives to a large extent comparable results for
tions for the centrality class considered divided by the numstrangeness production as the UrQMD cascade. This obser-
ber of participants in thgpp reaction. We mention that the vation suggests that—inspite of the different elementary “in-
comparison at lower bombarding energies of 2@eV has  put” cross sections—the systems might reach approximate
to be taken with some care due to the different influence othemical equilibrium. This is a prerequisite for an analysis
Fermi motion—in case oA A reactions—on the production within statistical model$35,62,71. In fact, the channel de-
of pions andk ™ mesons. composition of strangeness production chains in both models
The general trend from both transport approaches is quitare quite differentcf. Fig. 10 since the degrees of freedom
similar: we observe a slight absorption of pions at lower(hadron resonances and stringabstantially differ for colli-
bombarding energy and a relative enhancement of pion prasions at hadron-hadron collision energies around 2—3 GeV in
duction in heavy-ion collisions above aboutAlGeV. Kaons the region of string thresholds.
and antikaons fromAA collisions are always enhanced in  We have found that at SPS energies HSD and UrQMD
central reactions relative to scalpg multiplicities. This en-  quite well reproduce the experimental data for and A
hancement is more pronounced within UrQMD than in HSD+ 2° rapidity distributions at midrapidity as well as ther4
due to the larger cross sections employedriN secondary yields. At 204 GeV both models agree very well among each
reactions as demonstrated in the preceding section. other for all hadrons. This provides rather solid predic-
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tions for the future GSI heavy-ion prograpdl]. At AGS  similar: both approaches give an absorption of pions at lower
energies € 11A GeV) theK ™" yield is slightly overestimated bombarding energy and a relative increase of pion produc-
by UrQMD (except of 10.AGeV), whereas HSD underesti- tion for E,;,>10A GeV. Kaons and antikaons fro&A col-
mats kaon production at the upper AGS energespecially lisions are enhanced in central reactions relative to sqaped
with baryon potentials includedThe K~ and A+3° data  collisions at all energies by a factor &f2.
are reasonably described by both models. We have found We have found that the failure of both models to repro-
also that HSD and UrQMD differ in the pion duce the experimental excitation function for the /7™
multiplicities—at lower AGS energies the UrQMD model ratio in central nucleus-nucleus collisions—which might
gives slightly less pions than HS@vith/without potential,  suggest the presence of a different state of hadronic matter in
but both models overpredict the midrapidity ddexcept the early phase of these collisions—is not primarily due to an
UrQMD at 2AGeV). At SPS energies the tendency turnsunderestimation of strangeness production. Our systematic
around: UrQMD gives more pions than HSD, such that HSDstudy in comparison to the most recent data from the NA49
is now in a better agreement with the experimental dataCollaboration demonstrates that this failure is mainly due to
These differences between the transport approaches could ba inadequate description of pion dynamics. We attribute this
traced back to a large extent to different string fragmentatiorio the fact that the pions in both transport models are treated
schemes, which presently are insufficiently controlled by exas free on-shell particles, i.e., with their vacuum properties
perimental data at the energies of interest here. and &-like spectral functions in mass. On the other hand,
The excitation functions of pions, kaons, and antikaondattice QCD as well as effective Lagrangian models indicate
from central Au-Au (or Pbt+Pb) collisions relative to an increase of the pion mass with temperature and density.
scaledpp reactions from the two transport models are veryFurthermore, the pion spectral function should become broad
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in the medium due to the interactions. All these mediumoff-shell transition matrix elemen{&2]. Such a program is
modifications have not been included in the calculations preelearly beyond the scope of our present study.

sented in the work. Thus, the overestimation of the pion Another problem of the transport approaches used here is
yields could be a signature for a chiral symmetry restoratiorthat detailed balance is not implemented for-m transi-
which might occur at the high baryon/meson densitiesions withn, m>2 [36]. Thus, multiparticle collisions might
achieved in relativistic heavy-ion collisions. Including the change the dynamical picture accordingly and lead to
medium effects for pions and all strange particles simulta“shorter” chemical equilibration time$60,73,74. In fact,
neously in a consistent way in an “off-shell transport ap-the importance of 32 transitions has been demonstrated in
proach”[72] could provide a more conclusive interpretation the extended HSD transport approach in Réf] for anti-

of the experimental data. This, however, requires a precisbaryon reproduction by meson fusion far- A collisions at
knowledge about the momentum and density dependence ¢ie AGS and SPS. In order to achieve a more conclusive
the hadron self-energies in a wide energy regime and fulanswer from transport studies, multiparticle interactions will
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have to be included in future generations of transport codeg:urthermore, the question raised in the title of this paper—
What to conclude from the detailed comparisons pre-anything strange with strangeness?—also has to be answered

sented in this work? Coming back to the question raised iwith “most likely not.”

the introduction about common failures in comparison to re-

Iated_experlmentgl data, we can guote an insufficient accu- ACKNOWLEDGMENTS

racy in the description of the pion degrees of freedom by
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