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We report the first observation &f* (892)°— 7K in relativistic heavy ion collisions. The transverse mo-
mentum spectrum 0ﬂ(*°+?*°)/2 from central Au-Au collisions at \/ﬁ= 130 GeV is presented. The
ratios of theK*© yield derived from these data to the yields of negative hadrons, charged kaomns neesbns
have been measured in central and minimum bias collisions and compared with model predictions and com-
parablee™e”, pp, andﬁp results. The data indicate no dramatic reductioiKf production in relativistic
heavy ion collisions despite expected losses due to rescattering effects.

DOI: 10.1103/PhysRevC.66.0619XX PACS numr(Ber25.75.Dw

Modification of meson resonance production rates and8—10] via elastic processes likeK—K*°— 7K. This re-
their in-medium properties are among the proposed signalgeneration mechanism would partially compensate for reso-
of a possible phase transition of nuclear matter to a decornance decays if the expansion of the produced matter took a
fined plasma of quarks and gluons in relativistic heavy ionrelatively long time &20 fm/c), increasing the observed
collisions[1]. For resonances liki*© with a lifetime com-  ratio of K*%/K. By systematically comparing the yields and
parable to the time scale for evolution of the dense mattefransverse momentum distributions of resonances with other
created in such collisions, characteristic properties such agarticles, it should be possible to distinguish different freeze-
width, branching ratio, yield, and transverse momentunout conditions[11,12, such as sudden freeze-out or a slow
spectra are expected to be sensitive to the dynamics and cleixpansion of the final state hadrons.
ral properties of the high energy density medium which is Another reason the study of the*? is interesting is its
produced1,2]. strange quark content. The enhancement of strangeness pro-

More generally, the study of short-lived hadronic reso-duction in heavy ion collisions has long been predicted to be
nances as a means to utilize the extended spectrum of had-signature of the formation of a deconfined quark-gluon
ronic matter to probe hadron production under extreme conplasma[13]. The combined measurement of t&° and ¢
ditions also provides important insight into the relative mesons provides an additional, unique tool to distinguish
probability that a quark-antiquark pair will form a vector various hadronic expansion and freeze-out scenarios
resonance meson as compared to a pseudoscalar g@iner [11,4,14.

This relates directly to the role of spin in hadron production The K*(892)° and its antiparticle are the dominant reso-

in strongly interacting matter under extreme conditions. Ad-nances in th& 7w system[15]. In previous relativistic heavy
ditionally, the study of higher level resonances affords a betion experiments the observation of these resonances has been
ter understanding of feed-down to stable particles from resoproblematic due to backgrounds from othErr partial
nance decay$4] to further constrain thermal models of waves[16], decays of higher mass resonanf&g], elliptic
particle productiorf5-7] in nucleus-nucleus collisions. flow [18], and detector limitationgoarticle misidentification,

Resonances which decay into strongly interacting hadronacceptance, and efficiency, g¢t®ue to the increased energy
in the dense matter are less likely to be reconstructed due tf the beams available at the Relativistic Heavy lon Collider
rescattering of the daughter particles. Resonances wittRHIC), it was expected from simulation that the yield of
higher pr have a larger probability of decaying outside thethese resonances would be sufficiently large for them to be
system and therefore of being detected. Alternatively, th@bserved using the mixed event method successfully used to
resonance yield could be increased during the rescatteringconstruct theb meson at RHIG19].
phase between chemical freeze-Guanishing inelastic col- The detector system used for these studies was the Sole-
lisions) and kinetic freeze-outvanishing elastic collisions noidal Tracker at RHIGQSTAR). The main tracking device
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FIG. 2. The transverse mass; spectrum of (<*°+K*°)/2
within |y|<0.5 for the 14% most central AuAu interactions was
studied.K*© resonances having 0.4 GeM pr<2.8 GeVkt were

FIG. 1. (@ K invariant mass distribution from same-event detected. Error bars are statistical only.

pairs (symbols shown every 50 Me@\and mixed-event pair¢his-
togram from central collisions for 0.4 Ge¥K p;<2.8 GeVk.

(b) K*9 invariant mass distribution after subtraction of the mixed-
event reference distribution. A Breit-Wigner functional fofsolid
curve was fit to the peak assuming a linear background residu
(dashed ling The mass and width of the resonances used for the fi
were fixed from the particle data bo¢k7]. The data points reflect
a bin size on the axis of 10 MeV per bin.

The decay channel&*°— 7 K* and K*°—7"K™,
both of which have a branching ratio of 2/3, were selected
a\‘or the measurements. Due to limited statistics, it was neces-
ary to combine these spectra. Therefore K& yields pre-
sented in this Rapid Communication correspond to the aver-

age value ofK*? and K*° unless otherwise specified. To

measure these yields, the invariant mass was calculated for

within STAR is the time projection chambeifPC) [20]
which is used to provide momentum information and particle,
identification for charged particles by measuring their ioniza-
tion energy lossE/dx). A minimum bias trigger was de-
fined using coincidences between two zero degree calorim-
eters which measured the spectator neutrons. A central
trigger barrel constructed of scintillator paddles surrounding
the TPC was used to select small impact parameter “central”
collisions by selecting events with high charged particle mul-
tiplcity.

Data were taken for A#tAu collisions at \/sNN

=130 GeV. To achieve uniform acceptance in the pseudora-
pidity range studiedl21], the collision vertex was required to
be within =95 cm of the midpoint of the TPC along the
beam direction. Approximately 440 000 central and 230 000
minimum bias events were used in this analysis. Particles
were selected based on their momengg, (track quality, and
particle identification from the TP@E/dx. Since the daugh-
ters of K*© decays originate at the interaction point, tracks

tio
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each oppositely chargefl7 pair in an event. The invariant

mass distribution derived in this manner was then compared
to a reference distribution calculated using uncorrelated ka-
ons and pions from different events. Typically, three or more
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were selected whose distance of closest approach to the pri- g, 3. Thek*° to charged kaon ane to K*° ratios for dif-
mary interaction vertex was less than 3.0 cm. Charged kaongrent colliding systems as a function ¢6. Data are shown with

were selected by requiring thettE/dx to be within two

quadratically combined systematical and statistical errors. The data

standard deviations @ of the'expected mean. A looser are from collisions ofe*e™ at \/s of 10.45 GeV, 29 GeV, and 91
dE/dx cut of 30 was used for pions. Kaons and pions weregey[3,4,25,28, pp at 5.6 GeV[27], andpp from the ISR[22,28
required to have transverse momengg)(between 0.2 and  at 63 and 52.5 GeV and NAZ29] at 28 GeV. Ratios shown are for

2 GeV/c to enhance track quality21]. In addition, the
daughters were required to have pseudorapiditigs<0.8
with an opening angle of 0.2 rad between them.
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events with similar multiplicity and collision vertex locations =10.0+0.9 (sta) and T=0.40+0.02 (sta) GeV for central
(JAZ|<20 cm) were used for this “mixed-event” technique. collisions. The systematic uncertainty @iN/dy and T was
From the 440000 events in the 14% most central evenéstimated to be 25% and 10%, respectively, due to uncer-
data sample, more than &40'"° oppositely charged kaon tainty in the tracking efficiency and in the determination of
and pion pairs were analyzed. The corresponding invariarthe background. Due to limited statistics, the inverse slope
mass distribution is shown in Fig(d) along with the mixed parameter derived for the central event sample was also used
event reference distribution. The two distributions were norto extractdN/dy for the minimum bias sample. The result is
malized to each other afl . ,=1 GeV/c? which is close to  4.5+0.7(stat}* 1.4(syst). The additional systematic error in
the mass region of interest for this measurement. The twthis instance results from an estimate of the uncertainty in
distributions are observed to match well; when subtracted théhe inverse slope of the; spectrum. Combining ap; bins,

resulting distribution exhibits &*° signal which is~15 separate mass spectrakof® andK*© were also fitted with a
standard deviations above the backgroyiR@. 1(b)]. The  Breijt-wigner resonant function plus a linear residual back-
signal to background ratio before background subtraction i round. The ratio of*9/K*°=0.92+0.14 (sta) was ob-
about 1/1000 for central events and 1/200 for minimum bia%ained for central events. Consequently, the average of the
Au+Au interactions. These ratios are significantly smaller . %0 =0 '
than the value of 1/4 observed for proton-proton interaction§2mb'”egK and K*" spectra ShO_Uk_i accur_ately_ represent
at the CERN Intersecting Storage RingSR) [22], indicat- K*(892)” production within our statistics. This ratio is simi-

ing the increased difficulty of this measurement in the highl@r to K*i|0<+ ratio [24]. N
multiplicity environment typical of relativistic nucleus- ~ TheK”*"/h~ ratio for the top 14% most central collisions

As mentioned previously, higher mass resonant states i 0-019(syst) for minimum bias collisions whehe' is the
the K system as well as nonresond@itr correlations also  total negative hadron yield withy| <0.5[21]. These results
contribute to the same-event spectrum. In addition, particléan be compared witk* °/h~=0.036+0.002 frome*e"
misidentification of the decay products of the w, 5, and  collisions [4,17,2§ at \s=91 GeV andK*% 7~ =0.057
K? cause false correlations to appear in the same-event spe#-0.009+ 0.009 frompp collisions[22] at ys=63 GeV. The
trum which are not present in the mixed-event spectrum usetio K*°/h™ is observed to be approximately constant from
to estimate the background. Comparison of the real invariadow to high multiplicities at RHIC and is compatible with
mass distribution to a reference distribution derived using théhat measured in elementary particle collisioes €™, pp,
HIJING [23] event generator suggests that the residual correand pp).
lation near theK*® mass peak may be due to the above With respect to studies of freeze-out conditions, the ratio
sources. However, accurate determination of the magnitudié* °/K is more interesting and less model dependent than
of this residual correlation requires a detailed knowledge ok *%/h~ since both particles have similar quark content and
the particle production and phase space distributions for thdiffer only in their spin and mass. By simple spin statistics,
above particles, including those for tipeand w which are  the vector meson to mesofpseudoscalarvecto) ratio
presently unmeasured. Several functional forms, includingvould be 0.75. However, the measured ratio is much smaller
linear and exponential, were used to fit the residual backin elementary collision$4]. The charged kaon results used
ground in Fig. 1b). The choice of normalization for the here are an average &f" and K~ in the same centrality
mixed-event spectrum was also varied in order to study theange from Ref[24]. The result,K*%/K=0.26+ 0.03(stat)
stability of the resulting<*® yield. The resulting differences +0.07(syst) in central Att Au collisions at RHIC, can be
in yield were within 20% in all cases, which was taken as acompared with the average value of 0:37.02 frome*e~
measure, in part, of the system%tic uncertainty. _ [3,4,25,28, pp [27], andpp [22,28,29 as shown in Fig. 3.

The uncorrected number &~ was calculated by inte- =y glementary collisions, thes/K*© ratio measures the
grating the Breit-Wigner function fit to the data assuming thegrangeness suppression to good approximation since there is
linear r_eS|duaI packground shown in FigblL In order to only a small mass difference between thand thek*°, but
determine the yield, detector acceptance and efficiency cofng’strangeness quantum number for these particles differs by

rections were applied as well as a correction for the branchy o unit, strangeness being hidden in gheneson. This ratio

ing ratio. This was done by embedding simulated kaons andgems to increase in elementary particle collisions as a func-
pions fromK*%,K*° decays into real events USIEANT,  tion of center-of-mass energy/€). In this study, it was
and passing them through the full reconstruction challl.  found that ¢/K*°=0.49+ 0.05(stat)=0.12(syst) for the
The acceptance and efficiency factodepends on centrality, 14% most central collisiongl9]. This result is greater than
pr, and the rapidity of the parent and daughter particles. Ithat from elementary collisions as shown in Fig. 3. The in-
varied from about 10% for paremt;=0 GeV/c to ~35%  creased ratio at RHIC, compared to that in elementary pro-
for parentpr=2.0 GeVk. cesses, may be indicative of strangeness enhancement and/or
Figure 2 showsd®N/(2mmrdmydy) as function ofmr  additional effects(e.g., rescattering, coalescenfi4]) on
—nb=\/pT2+ moz—mo, wherem,=0.896 GeVt? is the mass  resonances in heavy ion collisions.
of the K*© resonancd17]. An exponential fit was used to Since the lifetime oK*° is comparable to the time scale
extract thek* © yield per unit of rapidity around midrapidity, for evolution of the AurAu collision system, th&*° sur-
as well as the inverse slopell. The fit yieldeddN/dy  vival probability must be accounted for when comparing the

061901-4
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results from Aut+Au collisions with those from elementary pretation At<4 fm/c). The simple estimates made in this
particle collisions or with thermal model fits at chemical paper illustrate how the study of resonance can provide im-
freeze-out. In general, thé€*° survival probability depends portant information on the dynamics and evolution of the
on the duration of the sourcé(), the size of the source for matter produced in relativistic nucleus-nucleus collisions.
particle emission, and thg; of the parent*°. If it is as- ~ More sophisticated analysés.g., comparison with transport
sumed that the difference between &®%K ratio in heavy =~ Models such as UrQMIDB0]) W'tg improved uncertainty in

ion collisions and that observed in collisions of simpler sys-th measurement of the andK*", as well as the measure-
tems is due to this survival probability alone, the indication™ent of additional resonances are needed to determine the

would be thatAt (<4 fm/c) is small. For largeAt evolution of the system resulting from central heavy ion col-

- %0 - %0 _lisions in detail.
(_220 gm/(l:c)i [blZ] W|thogtK fregene_:raélor}, this hpmdlrj]c b In conclusion, we have presented the first measurement of
tion should be an order of magnitude lower than the o K* (892 andK* (892 in relativisti leus-nucl )
served resulf11], and the lowp; part of the transverse mo- <~ (892)” an 0 (892)" in relativistic nuc eUS-NUCIeUs co
mentum distribution should be suppressed resulting in 4S10NS. TheK*™ my spectrum from the 14% most central
larger effective inversen; slope. Although the measured Au+Au collisions results in an inverse slope parameter simi-

K*O inverse slope is larger than that of the charged kaonlar to that meaSL!red for thé meson in similar centrali_ty.
(most likely the result of radial flois,24)), it is still similar "€ measured yielddN/dy=10.0=0.9(staty- 2.5(syst) is
to that for theg [T=379+50(staty: 45(syst) MeV| [19]. relatively high compared to elementary collisions and ther-

. . . . 0 . .
This is consistent with the interpretation of a short timeMal model predictions, considering the shét” lifetime
(small At) between chemical and kinetic freeze-out. (c7=4 fm) and e>.<pected losses du_e to rescattering of th?
Alternatively, elastic processes such @ — K*°— 7K decay daughters in the dense medium. The results of this

are operative between chemical and kinetic freeze-out angiudy are consistent with two possible scenarios for the dy-

partially regenerate thi€* ° until kinetic freeze-out. In a sta- namic evolut_ion of the _sys_ten(\i) a shqrt time duration be-
tistical model descriptioi5—7], the measured*° should tween chemical and kinetic freeze-olie., sudden freeze-

reflect conditions at kinetic freeze-out rather than at chemica}(i:u'[)’ or2a I_ong perlc_)d QT expfgsmn chara_cterlzed by high
freeze-out if there is a long lived phase in which significant@dron density and significakt” " regeneration along spe-
rescattering takes place. Within the framework of this type of¢iC trajectories in the phase diagram. Studies of strongly
model, reasonable valugs—7] of the chemical and kinetic 9€CaYing resonant states like tKe™ open a new approach
freeze-out temperaturek,,, and T, pion chemical poten- to the study of relativistic nucleus-nucleus collisions.
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