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Modification of hadron properties in hot and dense nucledteng a topic of great interest.
Kaons, which are produced in nucleus-nucleus collisiossiaithreshold energies at SIS in GSI,
are very promising particles to investigate in-medium @feon hadrons. Azimuthal emission
patterns oK' andK~ mesons have been measured in Ni+Ni collisions with the F@&ttsom-
eter at beam kinetic energy of 1.91A GeV to investigate am@dium potential in dense baryonic
matter. The presented results show the different propagatitterns oK™ andK~ mesons in-
side the dense nuclear medium and indicate the existenc&adranucleon potential, repulsive
for K+ and attractive fok =~ comparing to the predictions of theoretical model.
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1. Introduction

Relativistic heavy-ion collisions at incident energiesgea of 1-2A GeV provide a unique
opportunity to study both the properties of hadrons in dansdear matter and the behavior of
nuclear matter at high densities [1]. The possible modificabf hadron masses and widths in
hot and dense matter is a subject of great current interagparticular the investigations of the
in-medium properties of kaons is important for understagdihiral symmetry restoration [2].

1.1 Kaons in dense nuclear matter

As a consequence of chiral symmetry restoration in hot andelauclear matter, the effective
mass of charged kaons are expected to be modified with inegebaryon density. Various model
calculations agree qualitatively on their predictionshef total energy ak mesons at rest in nuclear
matter as function of density [3]. According to the calcigas, the effective mass ¢f™ mesons
increases moderately with increasing baryon density vésetke effective mass ¢€~ mesons
decreases significantly. Mean-field calculations prediit effect is caused by a repulsi%e’ -
nucleon potential and an attractie -nucleon potential. This in-mediuik-nucleon potential in
dense hadronic matter is expected to manifest itself im g#mnuthal emission pattern with respect
to the reaction plane [4].

1.2 Azimuthal emission patterns

The phenomenon of collective flow [5] can generally be charaed in terms of anisotropies
of the azimuthal emission pattern, expressed by a Fourigrsse

dN

a0 O (14 2v1cos( @) + 2vocos(2¢) +...) , (1.2)
where @ is the azimuthal angle of the outgoing particle with resgecthe reaction plane [6].
The first order Fourier coefficienty = (cos(¢)) = (px/pr), describes the sideward deflection
of particles in the reaction plane. The second order coefficii, = (cos(29)) = ((px/pr)? —
(py/pT)2>, describes the in-plane/out-of-plane emission patteth mgispect to the reaction plane.

2. FOPI ToF upgrade

The FOPI detector [7] is an azimuthally symmetric apparatsprising several sub detec-
tors (Fig 1, left panel) which provide charge and mass detetion over nearly the full solid
angle. The identification of charged particles is achiewethk curvature of particle tracks in the
magnetic field, by their specific energy loss in the drift cham and by the time-of-flight (ToF).
Recently FOPI has successfully upgraded the Time-of-Etigtector system with a barrel of Multi-
strip Multi-gap Resistive Plate Counters (MMRPC) [8] to iroye the charged kaon measurement,
Fig. 2. The charged kaons are identified from two ToF syst&tdRPC (30 < 64 < 55°) and
Plastic Scintillator Barrel (Plastic, 35< G4, < 110°), matched with Central Drift Chamber (CDC,
28 < Gap < 135).
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Figure 1: Left panel: setup of the FOPI detector. The target is plaocsitié of the central drift cham-
ber (CDC), indicated by xyz coordinate arrows. The FOPI detehas cylindrical symmetry around the
beam axis. The two drift chambers (CDC and Helitron) and abaf scintillator strips and MMRPCs are
placed inside the superconducting solenoid magnet. Rigih¢lp photo of MMRPC installed in the FOPI
superconducting magnet; CDC is moved out of the magnet.
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Figure 2: Momentum and velocity cor-

relation using CDC and MMRPC for

1 Z = 41 particles. Pions, kaons, pro-
tons, deuterons and tritons are indicated.
With improved system time resolution

1 O1or < 88 ps, the charged kaons accep-

. ] tance was increased to higher momenta,

B A L CRE v e P<1GeVkfor K= mesons ang < 0.9

GeV/c for K~ mesons.
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3. Results

The FOPI experiment recorded &P Ni+Ni collisions, corresponding to the most central
60% of the reaction cross sectidny, < 7 fm using the sharp cutoff approximation). The events
were centrality selected by imposing conditions on the dramultiplicity (Mul); defining a central
(48 < Mul < 90) and a peripheral event €Q Mul < 47) classes. The corresponding geometrical
impact parameteibfe,) ranges are classified using a sharp cut-off approximafienpge, < 3 fm
and 3< by < 7 fm for a central and a peripheral event classes, respctive

3.1 Particle identification of K and K~

In total, 233,30K™ mesons with a signal-to-background-ratio (S/B) betten tbdand 5,200
K~ mesons with S/B better than 4 were identified in the interfat @ around the nominal kaon
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Figure 3: The mass spectra from MMRPC for

1 Z = +1. The solid and dashed line represent

¥ E— 1 Gaussian fit functions for the kaons and exponen-
Mgec (GeV/c?)  tial functions for the background, respectively.

mass from the Plastic and MMRPC mass spectra (Fig. 3).

3.2 The FOPI data ofv; for K+

In Fig. 4, earlier publications ow of K™ mesons (circle symbols) and protons (triangle sym-
bols) are presented. The opposite sigiofor K+ mesons and protons at lgw¢ demonstrate the
existence of a repulsive potential in the dense nuclearunedi

The new experimental data, that presented herey;anf K™ are also shown in Fig. 4 as
square symbols and compared to the old FOPI data (circle @ginl®] with the same selection of
collision centrality bgeo < 2.55 fm) and rapidity range{1.2 < yg < —0.65, Yo = Yiab/Yem — 1).
The new data are agreeing with the old FOPI data that were desltribed by the Relativistic
Boltzmann-Uehling-Uhlenbeck (RBUU) model with a repuésin-mediumK *-nucleon potential
of U =20 MeV.

3.3 Centrality dependence of/; for K+

To study the centrality dependencevefor K™, two impact parameter rangess<3ge < 7 fm
(peripheral events) anbe, < 3 fm (central events) near target rapidity (.3 < yp < —0.5) are
evaluated in Fig. 5. Here there is a clear trend for posiivat low pr and negativer; at high
pr. A change in thes;, of K* pattern can be observed, from central to peripheral cofisi The
systematic errors (boxes in Fig. 5) are estimated as 0.08404&12 for peripheral and central
collisions, respectively.

In order to evaluate the implications of the data in termshefgroperties oK* in the dense
nuclear medium, the data are compared to the predictionadfdth String Dynamics (HSD) model
[10] without and with an in-medium potential. The strengtithe in-mediumK*-nucleon potential
at normal nuclear density and zero momentum was implemergad = 20 MeV because earlier
publications orvy of K* [9] and theK? spectra [11] could successfully be described by HSD with
an in-medium potential of U = 285 MeV. Note that only sharp cutoff approximation method was
used for the comparison between HSD and the data. Howeeamaidel calculations overestimate
the magnitude of, for K* at low pr, especially for peripheral collisions in Fig. 5.

3.4 v;and v, of KT and K~

The experimental data opr-integratedv, andv for the full event samplelge, < 7 fm) are
presented as function gf in Fig. 6. The upper left panel shows positivefor K™ whereas the
values ofvy for K~ are compatible with zero within the sensitivity of the datashown in the
upper right panel. For a symmetric systamat mid-rapidity should be zero becaugeshould be
antisymmetric with respect to mid-rapidity. This systeimatrors (boxes in the upper left panel
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Figure 5: vi of KT mesons (points) in
peripheral (peri) and central (cent) colli-
sions. The data are compared to the HSD
calculations with (‘w’) and without (‘wo’)

Preliminary in-medium potential. The statistical un-
02 HSD w, peri T — HsDw,cent | . .
..... HSD wo, peri s HSD wo, cent certainty on the HSD calculations shown

05307 o8 0 53 61 o8 separately in the upper right side in the

pr (GeVic)  left panel.

of Fig. 6) are estimated as 0.020 from the mid-rapidity aff3éne lower plots in Fig. 6 show that
the v» values ofK™ are negative (preferential out-of-plane emission [6])jle&vthose ofK~ are
compatible with zero within the sensitivity of the data.

The data are compared to the HSD calculations with and withemedium potential in Fig. 6.
As mentioned above, the strength of an in-medikm-nucleon potential was implemented as
U(K™) =20 MeV at normal nuclear matter density with a linear dgndépendence. A linedt -
nucleon potential of (™) = -50 MeV [12] was employed in the HSD model calculationsdobas
on theoretical expectations. With this choice of potertti@l model predicts that thg values are
close to zero without any in-medium potential. But when thédirepulsive in-medium potential
is introducedK ™ mesons are pushed away from protons and thereforalues ofK ™ are positive.
The model calculations af for K+ agree with the data reasonably well, but do not show a strong
sensitivity for the in-medium potential.

For negative charged kaons, the model calculations prédthit — mesons are strongly ab-
sorbed by nucleons and thus sheywalues ofK ~ are positive without in-medium potential. How-
ever, the attractive in-medium potential puls mesons towards nucleons and therefaréurns
from positive to negative. However, the depth of an in-medipotential in the model calcula-
tions need to be lowered compared to data. The model cdtmsadfv, for K~ show that the
introduction of an attractive in-medium potential chantessign ofv, from negative (preferential
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Figure 6: pr-integrateds;, of K* (a) and
K~ mesons (b) ans, of K™ (c) andK~
mesons (d) (points) in comparison to the
HSD calculations with (‘w") and without
(‘wo’) in-medium potential (see text for
— details). Error bars on data points de-

"""""""""" note statistical uncertainties. The statis-
01} g<p<7m -] tical uncertainty on the HSD calculations
1ETETE S 1050 shown separately in the upper right side in

y(o) y(o) each panel.

out-of-plane emission) to positive (preferential in-mamission), but this effect cannot be verified
with the presented data due to large statistical unceigaint

4. Summary and outlook

In summary, we report on the measurement of the azimuthalséoni patterns dk* andK~
mesons in Ni+Ni collisions at 1.91A GeV. The data show théedint propagation patterns kf*
andK ™ mesons inside the hot and dense nuclear medium and indieagxistence of a
kaon-nucleon potential compared to the HSD calculatiormvéver, the origin of the discrepancy
between the model calculations and data, especially fopéhipheral collisions, has to be
investigated in collaboration with theory groups. The nieasient of azimuthal patterns of the
K* andK ™ provides valuable information on an in-medium potentighi@ dense nuclear
medium.
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