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Enhanced Out-of-Plane Emission oK * Mesons Observed irAu + Au Collisions at14 GeV
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The azimuthal angular distribution &* mesons has been measured in AtAu collisions at1A
GeV. In peripheral and semicentral collisions;,” mesons are emitted preferentially perpendicular
to the reaction plane. The strength of the azimuthal anisotrop¥ bfemission is comparable to
the one of pions. No in-plane flow was found f&* mesons near projectile and target rapidity.
[S0031-9007(98)06942-7]

PACS numbers: 25.75.Dw

Relativistic nucleus-nucleus collisions provide theperpendicular to the reaction plane [14—16]. This effect
unique possibility to study both the behavior of nuclearis independent of the pion charge and—as for protons—
matter at high densities and the properties of hadronmost pronounced for large transverse momenta and semi-
in the dense medium. In particular, the production andctentral collisions. The pion nonisotropic emission pattern
propagation of strange mesons is considered to be sensias attributed to shadowing effects caused by rescatter-
tive to in-medium effects. Theory predicts kaon-nucleoning off (or absorption by) the spectator fragments [17].
potentials in nuclear matter which are repulsive f6f  The K* mean free path for rescattering in nuclear matter
but attractive for K~ mesons [1-3]. The larg&K™ is substantially longer than the one of pions. Therefore,
production cross section found in Ni Ni collisions [4,5] much smaller anisotropies of tHé" azimuthal emission
has been regarded as evidence for a reduced effectiymttern were expected.
mass of thek ™ meson in nuclear matter [6,7]. In this Letter we present evidence for azimuthal

The K™ mesons are expected to be repelled from theanisotropic emission of K™ mesons measured in
nucleons and hence the kaon emission pattern should #es + Au collisions at a beam kinetic energy bA GeV.
anticorrelated with the collective motion of the nucleons.In-medium effects will be most pronounced in this very
Indirect evidence for such a behavior comes from a meaheavy collision system. The bombarding energy is well
surement of the averagét momentum in the event plane below the K * production threshold K}, = 1.58 GeV
in Ni + Ni collisions at1.93A4 GeV: the directed in-plane for free NN collisions). Therefore, the kaons can hardly
flow found for protons and lambdas near target rapiditybe produced in first chandéN collisions but are created
is absent for kaons [8]. This finding was attributed to ainside the dense reaction zone by multistep processes
repulsivek * N potential which compensates the effect ofinvolving more than two nucleons.
the directed nucleon flow [9]. The experiment was performed with the kaon spec-

At midrapidity the directed flow of nuclear matter van- trometer at the heavy ion synchrotron at GSI [18]. This
ishes for symmetry reasons and the protons, neutrons, ameagnetic spectrometer has a large acceptance in a solid
light fragments are found to be emitted preferentially per-angle and momentum{X = 30 MSr, pmax/Pmin = 2).
pendicular to the reaction plane [10—12]. Such an effecThe short distance of 5—-6.5 m from target to focal plane
was predicted as a hydrodynamical “squeeze out” of numinimizes kaon decays in flight. Particle identification
clear matter from the dense reaction zone [13]. Howeverand trigger are based on a measurement of momentum and
in contrast to the in-plane flow, only a minor fraction of time of flight. Background suppression is performed by
the participating nucleons—mainly those with large transtrack reconstruction based on three large-area multiwire
verse momenta—take part in this off-plane collective mo-chambers. Two scintillator hodoscopes are used for
tion [12]. The azimuthal emission pattern of pions wasevent characterization. The centrality of the reaction
also found to be strongly anisotropic at midrapidity. Simi-is determined by the multiplicity of charged particles
lar to the nucleons, the pions are emitted preferentiallymeasured with the large-angle hodoscope. This detector
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consists of 84 modules and covers polar emission anglesemicentral & = 5-10 fm) and central collisionsH =
betweenl2° and48°. The orientation of the event plane 10 fm). The angle¢ is relative to the event plane.

is reconstructed from the azimuthal emission angles of th&he kaons are measured at normalized rapidities of
charged projectile spectators. These particles are identd2 < y/y,,; < 0.8 and within a transverse momentum
fied (up toZ = 8) by their energy loss and time of flight range of 0.2 = p, < 0.8 GeV/c. For peripheral and
measured with the small-angle hodoscope. This detectmemicentral events th&* azimuthal distribution exhibits
array, which consists of 380 modules, is positioned 7 ntlear maxima atp = 90° and ¢ = —90° corresponding
downstream from the target and covers polar angles frorto an enhanced emission perpendicular to the reaction
0.5°to11°. plane. For near central collisions the event plane is

The measurement was performed with°8Au beam less well defined and therefore the effect becomes less
accelerated to an energy @A GeV with an intensity pronounced.
of about5 X 107 ions per spill. Because of the energy The azimuthal emission pattern can be parametrized
loss in the !7Au target of 1.93 gcm? thickness the byN(¢) « 1 + a;cos¢ + a>cos2¢. The parameted;
beam energy was reduced on the average by 4%. Thguantifies the in-plane emission of the particles parallel
K* mesons are measured at polar angles@of, = (a; > 1) or antiparallel ¢ < 1) to the impact parameter
34°, 44°, and 54° over a momentum range df60 <  vector, whereag, stands for an elliptic emission pattern
Plab < 1950 MeV/c. About 25000K* mesons have which may be aligned with the event plane, (> 0)
been registered. or oriented perpendicular to the event plang € 0).

In order to determine the particle azimuthal emissionThe parameters were determined by a fit to the data
angle, the reaction plane has to be reconstructed. Th&nd corrected for the uncertainty in the reaction plane
is done by the transverse momentum method [19]. Theeconstruction bya|, = a;,/(Cos2A¢). The values of
orientation of the reaction plane is determined for eaccos2A¢) have been determined by a Monte Carlo
event by the azimuthal direction of the total transversesimulation and vary between 0.3 for peripheral and central
momentum of all spectator particles detected in the smalleollisions and 0.5 for semicentral collisions (for details
angle hodoscope. The orientation of the event plansee [12]). The results of the fits including the correction
can be determined with an accuracy #° (standard are shown in Fig. 1 (solid lines) and the parameters are
deviation) for semicentral collisions afd° for peripheral listed in Table I. The strength of the azimuthal anisotropy
and central collisions [12]. is given by the ratidk which is the number ok ™ mesons

Figure 1 shows the azimuthal distribution of kaonsemitted perpendicular to the event plane divided by the
detected with the spectrometer in periphetal< 5 fm),  number ofK* mesons emitted parallel to the event plane

(for a, < 0):

R N(90°) + N(=90°) _ 1 — a
N(0°) + N(180°) 1+ db°

The values of® for K* mesons emitted around midra-
pidity in peripheral, semicentral, and central collisions are
given in Table I. Note that these values are corrected for
the resolution of the reaction-plane determination.

Similar values for the azimuthal asymmetry parameter
R have been found for pion emission in the same reaction
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§

1/N,, dN/dg

O'OSE [14,16]. Figure 2 shows the rati® as a function of the
of—+——F—+——F—+———— transverse momentum, both for 7+ and K™ mesons
r emitted in semicentral Ad- Au collisions at1A GeV
0.10F around midrapidity. The kaon data are grouped into three
W points because of limited statistics. Within the error bars,
0.05¢ the kaon azimuthal asymmetry paramefrdoes not
OE o ‘ L increase with increasing transverse momentum in contrast
’ —90 0 +90 to the one for pions. This implies that t&" transverse
% (deg> momentum distributions will not vary as a function

of the azimuthal angle. The centrality dependence of
FIG. 1. K" azimuthal angular distribution for peripheral & R is different for K™ mesons (see Fig. 1) and pions
10 fm), semicentral & = 5-10 fm), and central £ = 5 fm) . ; ; ;
Au + Au collisions atlA GeV (from top to bottom). The data [16]: :jhe pion ?lemutl?a! asymhmetry Ejafs a maximum
cover normalized rapidities in the interv@l = y/ypmj < 0.8 aroun . Sem'ce_n ra (_30 Isions W_ greas mesons no
and transverse momenta in the inte9a < p, < 0.8 GeV/c. reduction ofR in peripheral collisions is observed. The

The lines represent fits to the data (see text). K* azimuthal asymmetry rather increases weakly with
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TABLE I. Results of the fit N(¢) < 1 + ajcos¢ + a5cos2¢ to the K+ azimuthal
distributions for normalized rapidities df2 < y/y,0; < 0.8. The coefficientsa; and a5

are corrected for the experimental resolution of the event plane determination. The values of
a} are subject to an additional systematical error of 0.06.

Centrality aj ah R X2
Peripheral(b = 10 fm) —0.063 = 0.048 —0.256 = 0.051 1.68 = 0.18 0.79
Semicentral5 < b < 10 fm) 0.064 = 0.018 —0.219 = 0.021 1.56 = 0.06 2.13
Central(b = 5 fm) —0.066 = 0.014 —0.044 = 0.014 1.09 =0.03 1.5

increasing impact parameter, i.e., with the increasing sizes taken into account (solid line in Fig. 3). Similar con-
of the spectator remnants. clusions are obtained from a quantum molecular dynamics
Itis unlikely that the pion and the kaon azimuthal asym-calculation [22].
metries are both caused by pure rescattering on the spec-Another experimental evidence for an in-medium
tator fragments because of the very different mean freehange in the kaon-nucleon potential was predicted
paths ofK * mesons and pions in nuclear matter. The toto be the disappearance & directed flow into the
tal cross section forr ™ p scattering with pion momenta reaction plane [9]. Related information on the in-plane
of 0.4-0.5 GeV/c is 80—40 mb [20] corresponding to a emission of K mesons is obtained by dividing our
mean free path of\, = 0.8—1.6 fm in normal nuclear K* sample into intervals of rapidity. Th&* azi-
matter. In contrast th& " p total cross section is about muthal distributions for semicentral collisions near
12 mb for kaon momenta below 1 G¢¥[20] resulting target rapidity 0.2 = y/yproj < 0.4), midrapidity 0.4 =
in a mean free path ohg+ = 5 fm. Indeed, transport y/yyo; < 0.6), and projectile rapidity (.6 =< y/yproj <
models predict a very small azimuthal anisotropy for semi0.8) are parametrized with the functionV(¢) «
central = 7 fm) Au + Au collisions atlA GeV when 1 + a;c0os¢ + a,c0s2¢. The resulting parameters
considering onlyk * rescattering [21]. The result of this (corrected for the uncertainty in the reaction plane re-
relativistic Boltzmann-Uehling-Uhlenbeck (RBUU) calcu- construction) are given in Table Il. The coefficient
lation is shown in Fig. 3 (dashed line) together with thewhich measures the strength of the in-plane emission is
data taken around midrapidit9.¢ = y/yproj < 0.6). On  subject to a systematical error of 0.06 which is due to
the other hand, the pronounced® out-of-plane emis- the uncertainty of the beam position at the small-angle
sion of the experimental data is reproduced by the calculdhodoscope. Within the statistical and systematical errors,
tions if an additional repulsive in-mediuki™ N potential  the a} values in Table Il are compatible with zero for all
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FIG. 3. K" azimuthal angular distribution measured in semi-
Pt (l\/] e\//c) central ¢ = 5—10 fm) Au + Au collisions atlA GeV around

midrapidity 0.4 = y/ypro; < 0.6) for K™ transverse momenta
FIG. 2. Azimuthal anisotropy paramet® as a function of of 0.2 = p, < 0.8 GeV/c. The lines represent results of
transverse momenta for pions amd® mesons measured in RBUU calculations for an impact parameteriof= 7 fm [21]
semicentral Au+ Au collisions atlA GeV. The data cover without (dashed line) and with an in-medium* N potential
normalized rapidities in the intervdl2 < y/y.0; < 0.8 and  (solid line). Both calculations take into account kaon-nucleon
transverse momenta in the intenéa = p, < 0.8 GeV/c. rescattering.
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TABLE Il. Results of the fit N(¢) < 1 + a}cos¢ + abcos2¢ to the K azimuthal
distributions for semicentral collisions and for three ranges of rapidity. The coefficiénts
and a5 are corrected for the experimental resolution of the event plane determination. The
values ofa{ are subject to an additional systematical error of 0.06.

y/yproj a{ aé R X2
0.2-04 0.084 = 0.027 —0.20 = 0.028 1.48 = 0.08 2.06
0.4-0.6 0.043 = 0.025 —0.257 = 0.029 1.68 £ 0.1 2.35
0.6—-0.8 0.038 = 0.029 —0.174 = 0.030 1.42 = 0.08 0.95
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