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Production of¢p mesons is considered in the course of heavy-ion collisions at SPS energies. We investigate
the possible difference in momentum distributions gofmesons measured via their leptonje (") and
hadronic K*K ™) decays. Rescattering of secondary kaons in the dense hadron gas together with the influence
of in-medium kaon potential can lead to a relative decrease oftlgeld observed in the hadronic channel.

We analyze how the in-medium modifications of meson properties affect apparent, reconstructed momentum
distributions of ¢ mesons. Quantitative results are presented for centratPBb collisions atEpeam
=158 GeV/nucleon.
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[. INTRODUCTION results are presented in Secs. V and VI and conclusions are
drawn in Sec. VII.
The growing body of experimental information on fixed-
target nucleus-nucleus collisions from AGS and CERN-SPS
accelerators provides a reliable basis for the systematic in- Il. ¢ MESONS IN HADRON GAS
vestigation of strongly interacting hadronic matter under ex-
treme conditions. Particularly, production of particles con-

taining strange quarks is expected to reflect the reactiofi”. o . e
dynamics at the early stage of collisions. In this context, Isions, which is close to thos_e considered within cascade-
) T T transport{10—14], hydrodynamical[15-17, and thermody-
mesons, particles consisting mainly ¥ pairs, are of a spe- pamical approachdd8—21. The initial stage of a collision
cial interest. Since the interaction d mesons with non- is characterized by a temperature close to the QCD phase
strange hadronic matter is suppressed according to thgansitionT=T,~170+10 MeV. Then the system expands
Okubo-Zweig-lizuka(OZI) rule, ¢ mesons are expected to up to the point when numbers of different kinds of particles
decouple easily from the hadronic fireball. freeze in—a chemical freeze-out. Thermodynamical param-
Several calculations have been done domeson proper- eters of this stage could be obtained by fitting the final total
ties in dense hadronic environmdmainly at higher baryon hadron multiplicities. Typical temperature is found to be
densitie [1-7]. It has been found that modifications of the T,.,~160=10 MeV. During the second stage of the ex-
¢ width and mass are sensitive to the strangeness content pansion, elastic scatterings change momentum distributions
the surrounding medium. of hadrons until they cease and distributions freeze in. The
Recently, new experimental data from CERN-SPS¢on freeze-out temperature can be extracted from a simultaneous
meson production in central RPb collisions at 158 GeV/ fit to the single-particlem; spectra of different particles
nucleon beam energy became available. Advantage of theupplemented by the analysis of particle correlation data. Ac-
rich experimental program at CERN is that it allows to studycording to Refs. [19-23 one has T=Tyemn~110
the ¢ production via differenip decay channels. Results of =30 MeV.
the NA49 collaboratiorf8] are based on thée meson iden- In our considerations we assume that the fireball created
tification via its hadronic decay— K *K ™, while the NA50  in heavy-ion collisions consists mainly of pions, kaons, and
collaboration has recently reportd®] about preliminary excited mesonic resonances in the central rapidity region.
analysis of ¢ mesons identified via the dileptonic decay Mean free path , of ¢ mesons in a hadron gas is esti-
channelp—u™* u™. mated in Ref[4]. Comparison with mean free paths of pions
The purpose of this paper is to show that #hemeson and kaons\  «, from Refs.[25,2¢ gives\ ;<\ <\ for
production spectra reconstructed Wa K~ andu® ™ de-  temperatured iem<T<Tcem HeNce, one can expect that
cay channels can be significantly different up to the level of¢ mesons decouple from the pion-kaon subsystem at some
present experimental observations. earlier stage between the chemical and thermal freeze-out. At
After introductory considerations in Sec. Il, we derive in this stage,¢ mesons stream freely out from the fireball.
Sec. Il expressions for momentum distributions ¢fme-  Pions and kaons, on the other hand, may still participate in
sons detected viKK and uu channels. We take into ac- mutual secondary interactions up to the stage of total thermal
count rescattering of decay kaons and in-medium modificafreeze-out. Therefore, if & meson decays inside a fireball
tion of ¢ meson properties discussed in Sec. IV. Numericalia hadronic channel we have to take into account a possible

For our estimates of the observeld meson spectra we
ssume a simple two-stage picture of central heavy-ion col-
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interaction of its decay products with surrounding hadronic Let us assume that thg meson suffered the last interac-

environment. . _ tion at positionx, inside the hadronic fireball. The probabil-
As a result of secondary interactions, the reconstructegy that ¢ meson lives for a time is

invariant mass of a given pair @ daughter kaons falls out ¢

from the original¢ meson peak into the region identified as D¢(t)=ex;{ _f ’f‘t’;t(t/)dt,}: 3.2

a combinatorial background. Therefore, thenesons decay- 0

ing in medium can be partially unrecognized in experimental - ) ) _

analysis ofK *K = pairs. Together with negligible final state Wherel'i= Ftotmqs/Eg is the total width of a moving meson

interaction of secondary dimuons originating fromt  With energy E,=(mj+p?)" The asterisk denotes in-

—utu” decays, this behavior results in the relative sup-medium values of the quantities. A

pression of¢ meson yield observed via the hadrordd After traveling for a given timet with velocity v,

.Cha.nnel. Such a meChaniS.m has been quantitatively Studieﬁﬁ/E(b' thed) meson decays into two kaons at the position

in Ref.[27] where suppression at the level 40—60 % has beerL J¢t with a probabilityl'%, (t)/T%

. . . . o). In-medium values
obtameql from S|mulat|(_)n using tIRQMD code. of widthsI'* are determined by the current local temperature
In this paper we discuss effects that may enhance th

suppression of observefl mesons identified via kaon chan- find density of the system; Df';\ughter kaons frgmmeson
nel. Possible increase of & meson width in medium will decay have momenta pykng in the rest frame of thep
enlarge the probability of decay inside a fireball, enhanc- Meson. The v;sllue opkk follows from the*equanormd,

ing thus consequences of the mechanism studied i&@8f. = @k (Pkk) + @ (Pkk), Where wg(p) and w,(p) are in-
Alternatively, we consider a possibility that the kaon decaymedium spectra of kaons and antikaons. In the center-of-
channel of a¢ meson becomes kinematically quenched inmass systentc.m.s) of two colliding nuclei the kaon mo-
the medium. Additionally we argue that substantial relativementa are equal to

difference in properties & * andK ~ meson in the hadronic

environment caused by the isospin asymmetry and/or by the et_&+ S5

large baryonic admixture, would also prevent the reconstruc- Pc=7 =P,

tion of ¢ mesons decaying into kaon pairs inside the me-

dium. Op=PrriNk+Ng(ve—1)(Nk-Ny)}, (3.3

wherey,=(1—v3) Y2 The unit vectony is uniformly dis-

o _ tributed in the¢ rest frame, the direction cﬁ‘¢ is determined
Let us denote the phase-space distributiog ahesons in by the ¢ meson momenturﬁd, in c.m.s.

the centei-oj-mass system_ of two colliding nu_cle! at .freeze- For a successful identification @ mesons in the invari-

Ill. DISTRIBUTION OF ¢ DECAY PRODUCTS

¢ mesons is given by that momenta of daughter kaons do not change while leaving
the hadronic fireball. Here we investigate two mechanisms

77O(p):J d3a-ﬂpﬁf¢(x¢,p), (3.) that may_change momenta of daughter kaons: rescattering in

s surrounding hadronic environment and change of momentum

due to in-mediunK meson potential.
where integration goes over the fireball volume within a The probability that the secondary kaon and antikaon
freeze-out hypersurface (surface normal vectat3c* con- leave a fireball without rescatterlng is determined b_y their
tracted with a¢ meson momentunp”) [23]. Here we as- Mean fre+e pathsy i, the time thgy neeﬁd to reach the fireball
sume the case of a timelike freeze-out hypersurfaceborderr,z’g, and their veIocities;,f‘gz pﬁ/wﬁi (in c.m.s)
d3cr”“p#>0, which is relevant for applications given below as follows:
(for discussions of alternative cases, E24]). In the absence
of any in-medium modifications of decay products and final o [+t dt _ (=4 dt
state rescattering, the shapeobiservednomentum distribu- Pr(t)=ex _”Kft (1) _UEL « m :
tions 7o(p)T, /T Of muon pairs f*u”), and K K (3.9
70(P) TR/ T1or OF kaon pairs K*K ™), would be the same. '
Herel ' is the ¢ meson total width anfx , I',,, are thep  Thus, the probability to registeré meson in the kaon chan-
partial decay widths in kaon and muon decay channels. Acrel when it decays in medium can be expressed as
cordingly, in the experimental analysi,meson distribution
is reconstructed from momentum distribution of decay prod- P[1-Py(t)]+PyPy(1), (3.9
ucts multiplied by the corresponding inverse branching ratio. i . .
In this section we derive expressions for the apparent mowhereP| and P, are probabilities of identifying & meson
mentum distributions ofp mesons reconstructed via kaon from_ rescatteredl?,_, and nonrescattered, , kaons.
and dimuon decay channels taking into account possible Single rescattering of one of the kaons crlanges the mo-
modifications of meson properties in medium and consementum of the kaon pair by the vectakPgc, with
guences of kaon rescattering. |AP...l~pr being an average thermal momentum of pions.
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Correspondingly the invariant mass changes W2 <~
~p3. At high temperaturesT(~m,), the average thermal |, dtlkk () Dg(H) PA(H) Py
momentum of pions ipr~400 MeV and hence a single

rescattering may shitl ¢+ - far from the¢ meson mass. In O T
this case we puP,=0. :T_°D¢(T¢)+ fo dtl'Rk (1) Dg(H) P (D) Py, (3.6)
Neglecting in-medium effects, one takeg= 1, assuming tot

that without a hard rescattering, all kaon pairs frgndecays |\ here 7, is the time of flight of ag¢ meson through the
can be identified. However the modification of particle prop-grapall ~ for t>7, we have P,=1=P, and Dy(t)

erti_es can pr0\_/ide another mechanism _preventbrig_entifi- =Dy(74)ex Tyt — 74)]. Momentum distribution of the
cation. In medium, kaons feel an effec;uve mean-field BOtenkaon pairs fromé decays is then obtained by averaging ex-
tial mducmg a_change of their spectiay (p) — VM +p~. _pression(3.6) over all n, directions in the¢ meson rest
Leaving the fireball, kaons have to come back to theiframe, and integrating over the fireball volume with a pri-
vacuum mass shell. This changes the invariant mass and Mrary ¢ distribution—see Eq(3.1). Then, multiplying by the

mentum of the pair. Going out of medium, the kaon stays oy erse branching ratio we express “reconstructgddistri-
the same energy level and its momentum outside the firebal tion in the kaon channel as

becomes
R R _ T‘?ot ¢ =% =
a- =pi Vo (pi H)Z—m2ipi?  (a=K,K), 7k(P)={ Dy(79)+ =5 | - dD4(OT ik (OPLOPy ],
KK
where the kaon energy’, is evaluated at the moment ¢f dQg,
decay. As a result, the momentum of the kaon pair is changed P\ (t)= f ype P, (1). (3.7
by

Here, the brackets denote integration,
APpo= Ak *p/pi >+ A i pic /i %,
<...>=f dBotp,fy(Xg,P)( .. .).
where we putA w*?<pg? and Aw*?=w*?(0)—m2Z. The %
invariant mass shift is then given ByM2,= (AP 0)2. Note that according to this definitiono(p)=(1).

~In the nucleon-free, isospin symmetrical meson gas, the Consideration of the dimuon pair momentum distribution
in-medium spectra of kaons and antikaons are identicals more straightforward. With a change of totalwidth in

wk(p) = wk(p) and the invariant mass shift reduces to medium, the branching ratio of thg— uu decayl’,, /%,
changes too. Therefore, the apparéntdistribution recon-
Aw’éz 1 structed in the muonic channel is

AMgot:_W §p1+25p2p(2ﬁ—2(5pp¢)2 . )
o nﬂ(p)=<D¢(T¢)+'f?otJO ¢dtD¢(t)>. (3.9
This expression can be interpolated between the limit cases

Ps>Pkk  and py<pgx as AMj,~—Awi?4pi/(p;  Note that forl'f,=TJ, we havey,=7,, for [E>T5 we
+6pzy). Therefore in the symmetrical casaﬁpot and haven,<mng and ifTx,<T2 then 7,> 7o-

AM;th vanish for smallp,. Moreover, in the isospin sym- In our numerical estimaFes_we_ will consider the ratio of
metrical case kaons suffer only a small mass modificationthe reconstructegp meson distributions, Eq¢3.7) and(3.8),

(530 MeV for T~ mﬂ_)_ Hence, the release of kaons from aWhiCh does not depend on the overall normalization,
small potential well formed inside a fireball does not affect

the momentum and invariant mass of a pair strongly enough R(p)=nx(P) 7,(P). 3.9
to prevent a¢p meson reconstruction. For this case we take For a direct comparison with experimental resultsnop
P ”ml_

. distributions of identified¢ mesons, one has to integrate
'9over the rapidity interval accessible to the experiments, uti-
lizing p=\ms cosiy— - The dependence of the ratio
&3.9) on my reads

In the case of rather strong isospin asymmetry and/or s
nificant baryonic admixtureK ™ and K~ mesons can have
quite different spectra in mediufi28]. This may lead to a
wide spread of the kaon pair invariant masses, making th
reconstruction ofp mesons decaying inside the fireball im- _
possible P;,—0). Note that in this case, our results are in- RAM) =Py {1, (P)y - (3.10
sensitive to the details of kaon propagation in medium. Theyye also define the ratio of the apparent and primargno-
depend only on the totap meson width via the function mentum distributions fok "K~ and x ™~ decay channels

Dy(t). as a function ofmy,
Finally, the probability that @ meson created at position
X, Will be detected via the kaon channel is Ri,u(Mp)=( 7k .(P))y/{10(P))y -
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IV. & DECAYS IN MEDIUM =ps m(m5,m,.m)[1+n (ms—E,)]. Numerical evalua-

—  tion of Eq. (4.3) leads to the approximated relation
Main hadronic decay channels gf meson arep— KK a.(4.3 i

and ¢— pmr. Let us now consider the change ofgadecay o sm, T,
width in a hot meson gas due to the modification of kaon, F:wml“p,, 1—0.9]100 MeV+ 0.25100 MeV
pion, andp-meson properties. In-medium properties of pions

can be effectively incorporated by a small mass shift L )

=m,_+&m, with Sm_<m, . Similar behavior is expected +0-07{m_
for kaons.

The spectral function op meson in medium was exten- yglid for om.=m*—m. <200 MeV, oI =I*—T°
sively investigated in the context of dilepton production in <200 Mev, ang 10(’)’ Mef:(Tszoo MeV. Th’za sh’ift ofpa

heavy-ion collisions at SPS energig29—-32. In baryonic  nion mass produces a minor effect and it is, therefore, ne-
ma’ger,[gg]uﬁhngﬂ?fp m;}s?r?s to (;i?or}[?nce?nucﬁgg]'hdeglected here. Finally, the total width af is given byT},
modes[29], together wi e modification of pio , o * :
plays a domingnt role. The meson becomes ve?y broad in =2kt s I—!ere apd lpelow we do not consider te

; . : o . meson mass shift, which is small and cancels as soon as we
medium and its spectral density strength is driven ef'fec’uvelyConsider the ratio of the momentum spectra, cf. HG9)
to lower energies, in analogy to the Brown-Rho scaling pic-and (3.10 T
ture [31]. In purely mesonic systems temass is found to e
be almost independent of the temperature due to the canc%h
lation of 7— 7~ and 7—a;-loop contributiong32]. The p

width, on the other hand, is expected to increase in meso

gas considerably, e.g., by 80 MeV'at=150 MeV and by pression factor is determined only by kaon fluctuatiqns
160 MeV atT=180 MeV[33]. C 2 62 20 _r3
o — : . =(1-2([K[*)1/17). Here (|K|*)r=[d*k exd—wx(K)/T]
The partial width of thep— KK decay in medium de- X[(2m 20K wk(k) = /_Z_mK+k2, andf_=93 MeV is
pends on the kaon mass; as the pion decay constant. Because of the large kaon mass this
correction is negligibly smalk|K|2)/f2~1%.
4.1) Finally, we specify how the in-medium mass and width of
kaons ang mesons relax to their vacuum values during the
wherep. n(s,m;,m,) is a kaon momentum in the rest frame fireball expansion. Assuming thémK'p and 5Fp are propor-
of ¢ meson decay, obeying the equatigs=m?+p2,  tional to the density of the system, we have
+\/m22+ pcz_m_. Assuming isospin symmetry we haveg 3 R3
= (mg++mko)/2=495.6 MeV. Then vacuum width is equal — o0 0 _ op0_ 0
to FﬁK:{FK+K-+FKo@}/2= 1.84 MeV. Note that for oM (1) = M, R3(t) o, (H=0l, R3(t)
dmy>0 the in-medium widthl'g, decreases fast and van-
ishes forémy~14 MeV. The second hadronic decay chan-whereémﬁ,p and 51’2 are input parameters.
nel ¢— pr is effected by the decrease of thaneson mass, Before finishing this section we would like to point out
increase of thep meson width, and the Bose-Einstein en- that the estimations made here are valid only for an almost
hancement factor for pions. For tilemeson at rest we write baryon-free fireball. In the presence of baryons the calcula-
tion of ¢ self-energy becomes more elaborate, cf. Ref.
I* =T0 Kk, (% T* T)/k,.(m).I'%0), (42  However, in this case the spectra of kaons and antikaons
differ dramatically, inhibiting thereby the reconstruction

For completeness, we remark that the dilepton decay
annely— 171~ also suffers a modification in medium, be-
cause the vector-meson—photon coupling is suppressed by
Fheson fluctuation$34,35. For the ¢-y coupling, the sup-

_10 .3 2 3 2
IR =TRkPem (M, M M)/ pe m (M, My, M),

and even more. It corresponds to the c&ge=0 when the recon-
nm do structeq¢ distributions(3.7) and(3.8 are the func_tions o_f a
K, (M ,F,T)=f ¢ “_[(w_m¢)2_mz]3/z total width only. To simulate effectively the in-medium
pmer 2m, T " modification ofl"};, we will use Eq.(4.1) and vary the kaon
mass.
[1+n,(w)]wl/(2m,)
[w—E,(m,)]*+ w?T'?/(4m3) ' V. SPACE-TIME EVOLUTION OF THE FIREBALL
(4.3 After the considerations above, let us now specify the

N N ) . ) model of the fireball expansion, which we will use in our
wherem;, andI"; are in-mediump meson mass and width, \,merical calculations. Assume a simple homogeneous

- 0_ 0 rical : .
respectively. VaCU(L)Jm values aren,=770 MeV, I'J  gpherical fireball with the constant density and temperature
=150 MeV, andI';;=0.75 MeV. We use the constant profiles. The¢ meson momentum distribution

width approximation for thep meson spectral density and
denote Ep(mp)zl(miJrr.ng—mfr)/Zm(l,. The Bose-Einstein . E,—p-U(X)
distribution of pions with temperatur€ is n_(w). In the fo(X,p)=exg — —F—=
zero-width  limit we obviously have «,.(I'—0) ToV1—u?(x)

(5.9
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is determined by the temperatullg, flow velocity profile 10— ——
u(x)=vx/Ry, and radiusk,. Time of flight of a¢$ meson osh ]
and its daughter kaons through the medium contained in Eqgs. -
(3.4 and(3.7) can be expressed as,= mr(v 4 ,X,) and 7 ®8 ©
= TReu(UK X0 gt), Where 7(v,X) stands for a time, 04 _
during which a particle with veIocity? passes a distance 0.8 | E
from positiom? to the border of a sphere with the radids C o6 y i
Since the fireball is expanding with radial velocity, this - (b)
time satisfies the equation¢ v 7)?=(R+v;7)2. This im- el
plies 08k i
/() =[ V(0 X~ 0 R) 2+ (RE—32) (17~ v3) s o ]
.o - _ o4l . . . .
—(v-x—viR)J(v2—v?) L. (5.2) 00 02 04 06 08 10

. o - - m_-m [GeV]

Solution (5.2) is valid for |[x| <R and |v|>v;. In the case Toe

|v| <v¢ We putr=oo, FIG. 1. Ratio(3.10 as a function ofn; calculated for three sets
During the expansiolR(t) =Ry+vst, the fireball density  of parametersT,,v¢,Ro) without inclusion of in-medium modifi-

drops asp(t) = poRg/ R3(t) and the temperature decreases agations of kaons ang mesons. The upper gray area corresponds to

T(t)=ToRy/R(t) as expected for the relativistic pion gas, variations of kaon mean free pathg and freeze-out temperature

cf. Ref.[36]. The kaon mean free pathlig=1/p and there-  Ttem@S described in the text. The lower gray areas are obtained for
fore the same set of parameters but with the common expansion velocity

vf=0.l.
A(D)=AZR3(1)/R3.
In our evaluation we use several combinations of input
To incorporate the freeze-out effect we will assume that aparameters. Freeze-out temperatdrg®f ¢ mesons distrib-
soon asl (t) <Term, kaons become free angc— < as well  uted according to Eq5.1) vary betweenT ;hem and Tiperm:
asP,,— 1. The freeze-outFO) time is then given by (@ To=150 MeV, (b) T,=160 MeV, (c) T;=170 MeV.
Size of the firebalR, at the stage of thé freeze-out has to
TFO:&< To _ (5.3 be comparable witlp meson mean free path, at the given
Ut temperatureRy~ ag\ 4, With ag~1. For the different tem-
perature parameters above we take, according to [R&f.
Parameter&’, T°, v, and\? serve as input for numerical AP=13 fm, A\P)=10 fm, and\(9=7 fm.
evaluations below. The paramef&femis used for an effec- First we evaluate suppression fact@.10 without any

tive pargmetrization of the freeze-out timg,. It shogld not  modifications of particle properties in medium, i.e?.r,nﬁ
be considered as a true freeze-out temperature, since our €S%T%=0. In this case we hav®,,(m;)=1 and R(my)

timation is based on the simplified hydrodynamical deSC”p':RK(mT). Flow velocities corresponding to selected tem-
tion of a fireball.

peraturesT, are adjusted to reproduce the slope of the

HoTr(]ee er?ot(rj]?al f_sne;Iug hletreairse aforargzetroCt;zdeatﬁgprﬁxgaip%esoan distribution measured by the NA50 collaboration:
wever, the final resutts . raer INSENsiVe:  — 218 MeV; v{¥=0.50,v{”=0.46,v{"=0.41. We take

to the details of hydrodynamical evolution of a fireball, beinga —1 and vary the mean free path of kaogg within the
R=

; . .
determined mainly by the values B{Ro, I'o7ro, andv; interval 0<\2<\y(To), where(T,) follows from esti-

We shall vary the input parameters within a broad range to .
illustrate diffgrent poFs)sibﬁities. 9¢ ¥mations of Ref.[25]: \@=2 fm, A{)=1 fm, and A(?

=0.5 fm. We vary alsoT,em between 100 MeV and 80
MeV in agreement with analysf20]. This translates into the
interval of freeze-out time values 10 favrpo<20 fm. All
In this section we perform numerical evaluation of ourthese variations produce the upper gray areas shown in
expressions for» meson yields reconstructed wa 'K~ and ~ Fig. 1.
wtu” channels in central PbPb collisions at 158 For all three sets of parameter$q(v,Ry) we observe
GeV/nucleon SPS energy. that R(m;) does not fall below 0.8 significantly. This is
First we investigate to what extent the rescattering of sectelated to the large expansion velocity of the fireball. In this
ondary kaons, enhanced by the in-medium modification of &ase 0.2 "¢, 7ro<0.4 and¢ mesons decay after the thermal
¢ meson width, can suppress the experimentally observetieeze-out. To illustrate this effect we recalculate ratio
yield of ¢ mesons identified vi& *K~ channel. R(my) for the same three cases fixing= 0.1, which corre-
We recall that results of Reff27] give a maximal suppres- sponds td“?otrFo~1. Results obtainedR~0.6) are shown
sion factor of 40% for thep meson observation in the kaon as lower gray areas in Fig. 1.
decay channel. To reproduce results of RQMD calculations described in

-1

Ttherm

VI. NUMERICAL ESTIMATES
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0.6
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00 02 04 06 08 10 02 dm,=+15MeV 102 P~ 5m,=-30 MeV |
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¢ 00 02 04 06 08 1.0 00 02 04 06 08 1.0
FIG. 2. Ratio(3.10 calculated for curvesi—c with agr=1.5, m.-m, [GeV]
Ay=13 fm, and )\2:0.5 fm. Solid lines are calculated with
Tinerm=80 MeV and dash lines correspondiige=40 MeV. No FIG. 3. Thick lines(label A) show the ratigR(m;) calculated
medium effects are included. for in-medium modification ot meson properties. Results for dif-

ferent parameters setg)—(c) are depicted by solid, dashed, and
hdotted lines, respectively. The left plane corresponds to the case
when the kaon mass increases in meditimﬁ: 15 MeV, whereas
the right plane shows results for a decreasing kaon mﬁe%;
—30 MeV. Thin lines show suppression factors in the madop

Ref. [27] we take a somewhat larger size of a fireball wit
ar=1.5, freeze-out temperaturge;,=80 MeV, andxﬂ
=0.5 fm. This corresponds to the lowest limit allowed by

t_he analysis_[Z(_)]_. The resu!ts are §hown in Fig. 2 by solid (B) and kaoriR (C) channels calculated for parameter aetypper
lines. The limiting scenario considered [@7], when the s are calculated for the caBg =1, lower plots correspond to
freeze-out volume is determined by the last kaon interacp —g_in all cases, modification gf meson properties in medium

tions, can be reproduced witty,,,=40 MeV. This case iS s taken into account.

shown by dashed lines in Fig. 2. We take solid lines in Fig. 2

as a reference point for our further investigation of in- ) ) _ )

medium effects. larger than 1 for increasing kaon mass. Since increage, of
First we consider modifications pfmeson properties. We by 10-20% does not change considerably the effeatiye

choosep mass shift to beSm°=—200 MeV for our three slope of(7,), distribution, we do not need to readjust the

parameter sets. The meson width depends on the tempera-ﬂOW velocity parameter. This increase®f, leads in the end

ture. Relying on Ref[33], we take51“§f"=80 MeV, 51“5,'0) to i stmall decrease-gt. " hen th dth

=180 MeV, andsI'("=200 MeV. Comparison with Fig. 2 -t US NOW CONSICEr the case when ipemeson wi

(solid lineg shows g slight decrease ofpraﬂb(m ) whigh increases strongly in hadronic medium due to the increase of

T)»

corresponds to a small increase of the tataineson width KK We simulate this effect by the decrease of the 'kaon
by 40% due tog— par channel mass in medium, which can result, e.g., from rescattering of

aons on pions througk* and heavier kaonic resonances
37]. Here we restrict ourselves to a rather conservative
modification of kaon masses 30 MeV< ém2<0, which
corresponds to theé width 4 MeV=T}<20 MeV. In this
FaseRM<1 and at smalim;—m, region’®,, can be sup-
pressed by up to 40—60 %. Thus, for a given freeze-out tem-
JperatureTo and total width'}, we readjust flow velocity?
to reproduce the slope of the distribution measured in the
dimuon channel by NA5Q9]. For our three sets of param-

eters {T,R,) we obtain new flow velocitiesta) v?=0.38,

Figure 3 shows results obtained, taking into account th
modification ofK meson properties in medium.

First we investigate the case wheth—KK channel is
closed initially (5mﬂ=15 MeV) and it opens only during
the fireball expansion. Results are shown in the left part o
Fig. 3, where the upper plot is calculated =1 and the
lower one corresponds to a strong suppression of the ka
channel in medium with? ;= 0. Comparing ratio(my) in
Fig. 2 and in Fig. 3 shown by a thick solid linecalculated
for parameter sef, we observe that kinematical quenching 0 0
of ¢—K*K~ channel by increasing kaon mass, decrease) v¢=0.35,(c) v;=0.28. _
ratio R(my) very slightly for both values oP,,. This hap- 'ghe right part of Fig. 3 shows_our res_ults pbtamed for
pens because thg meson width becomes very small in this dMx=—30 MeV. The corresponding partial width I
case and therefore the probability ¢fmeson decay inside ~10 MeV and the total width i§'},~21 MeV. This leads
the expanding fireball and consequently also the probabilityo I't;Ro~T"1:7r0~2, which provides a strong suppression
for rescattering of daughter kaons is small. Compare B\es of Ry as is shown for the parameter sgh Fig. 3 (right side,
calculated for parameter satf with a corresponding line in  linesC). We find R (my—my)~0.2 for P, =1 and~0.15
Fig. 2. LinesB in Fig. 3 (left side show thatR, becomes for P, =0. However, since the rati® ,(my) also shown in
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FIG. 4. The ratio(3.9 as a funct_lon <_)f¢> meson momentum. 0.0 . | . 8§
Curve styles correspond to those in Fig. 3 with readjusted flow T 1 0 1 2
velocities. CurvedA are calculated folP,=1, whereas setB are
calculated withP;=0. Y-y
c.m.
Fig. 3(linesB) is also suppressed, the resulting ra&lémy) FIG. 5. Rapidity distributiong1)(y) (full circles), #,(y) (open

remains on the levet-0.3 for smallmy—m,,, provided we circles)z and ZK(y) (open diamondscal_cula})ted for the parameter
putP, =0 and~0.5 for P, = 1. Taking even larger values of Setawith émy=—30 MeV, flow velocityv;=0.38, andP,=0.
the total decay width in the most preferable casee obtain
R(mr—m,)~0.28 for I'{y=27 MeV, v?=0.35, and can be rescattered or absorbed. Such kaon pairs will not con-
R(mr—my)~0.23 for =34 MeV, v?:o_32 (both for  tribute to a¢ meson reconstruction, whereas the leptonic
P,=0). probes can leave a fireball freely. We derive the expressions
It is instructive to investigate rati¢8.9) as a function of  (3.7) and(3.8) for the apparent momentum distribution ¢f
the ¢ momentum. Averaging over rapidity mixes momentamesons in kaonic and muonic channels, respectively.
within a broad interval, e.g., fom;=0 momenta 10&p Within a simple model of a spherically expanding fireball,
<1000 MeV, which partially washes out the final suppres-We investigate the dependence of a relative suppression fac-
sion effect. To illustrate this point we show rati(p) as a  tor of the hadronic channel with respect to the dileptonic one
function of » momentum in Fig. 4. For increasing kaon massOn parameters of the system and on ¢heneson in-medium
and correspondingly vanishirig, we obtain a decrease of Properties. For a vacuung meson width~4 MeV the
R(p) at small momenta by 40—-50 %eft plane. This is Maximal suppression 0.6-0.8 is obtained for the fireball size
again a direct consequence of a rapid fireball expansiorind expansion tim&,~ 7go~20 fm. These values are in
which brings T'wk(t) in the integral (3.7) quickly to its ~ agreement with results of RQMD simulatiofs7]. The cru-
vacuum value. In the extreme case, for-0 andv;—0 we  cial parameter is the fast expansion of a fireball with
getR(p,v;)—0. For decreasing kaon mass the reduction is~0.4-0.5 corresponding to the freeze-out temperature
even stronger-70%. Momentum dependence Bfat small ~ rangeTy~150-170 MeV. -
momentap=p;=myvy, is completely washed out by ra- Width of hadronic¢p meson decay channelg{~KK and
pidity averaging. ¢— mp) can be modified in medium due to changes of the
In Fig. 5 we compare the original rapidity distribution of meson properties. We have found that increase of7the
¢ mesonsyny(y) with the distributions that can be recon- channel width due to the broadening of themeson and
structed via kaonicy,(y) and muonicznk(y) decay chan- decrease of thp meson mass leads alone to a tiny increase
nels. Calculations are done for the parameter asatith of the suppression.
omp=—30 MeV, flow velocityv?=0.38, andP,=0. Dis- The other possibility is the kinematical quenching of the
tributions are normalized to give,(y=0)=1. We observe kaon decay channel, which we simulate by simultaneous in-
a considerable broadening of the rapidity distribution meacrease oK™ andK~ masses. Since total widi{, of the ¢

sured in the kaon channel. meson in medium becomes smélicrease of therp chan-
nel width is not strong enoughp mesons decay mainly out-
VIl. CONCLUSIONS side the fireball, where vacuum propertiesdfmesons are

restored and rescattering of daughter kaons is negligible. To-
We have studied distributions @ mesons in heavy-ion gether with relative amplification of the muon decay channel

collisions at SPS energies reconstructed via hadrigris ~ by 20% the resulting suppression factor found for a
and dilepton *I ~ decay channels. The analysis@fmeson quenched kaon decay channel wa6.5.
mean free path allows one to suppose thlatmesons de- The increase of thee meson width in medium provides,

couple from the hadronic system at a somewhat earlier stagen the other hand, a mechanism for strong suppression
before the common breakup of the hadronic fireball. There{~0.15) of the kaonic detection channel due to the enhance-
fore, kaon pairs originated from thi decays inside a fireball ment of the¢ decay probability inside a fireball, increasing
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thus the rescattering of daughter kaons. However, increase of We have found that reconstructed rapidity distributions of
the ¢ total width reduces simultaneously the branching ratiop mesons become effectively wider, if in-medium properties
of the ¢— u* u~ decay and suppresses the spectrungpof of mesons and rescattering of kaons are taken into account.
mesons reconstructed via*w~ decay channel. Obtained Finally we suppose that to improve the understanding of
suppression of the muonic decay channel at the levetéxperimental results oy meson production in heavy-ion
~40-60 % requires a readjustment of the flow velocity to becollisions at CERN SP$£3,9], further detailed investigations
compatible with the experimental slope of NA50. Adjustedtaking into account in-medium effects within transport or
flow velocity v¢~0.3-0.4 for I'ij;~20 MeV and T, hydrodynamical models are necessary.

~150-170 MeV(compare tov;~0.4—0.5 obtained for a

vacuume¢ width) gives final net relative s_uppressi_on factor ACKNOWLEDGMENTS
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