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Statistical hadronization probed by resonances
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We study to what extent a measurement of them' spectra for hadrons and their resonances can resolve
ambiguities in the statistical model description of particle production. We describe in a quantitative analysis
how physical assumptions about the freeze-out geometry and dynamics influence the particle spectra. Consid-
ering ratios ofm' distribution of resonance-particle ratios~such asK* /K, S* /L,h8/h) we observe significant
sensitivity to fireball freeze-out geometry and flow dynamics.

DOI: 10.1103/PhysRevC.68.034912 PACS number~s!: 12.38.Mh, 25.75.2q, 24.10.Pa
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I. INTRODUCTION

The Fermi statistical model of particle production@1–4#
has been used extensively in the field of relativistic hea
ion collisions @5#. Particle abundancies and spectra both
SPS@6–12# and relativistic heavy-ion collider~RHIC! @13–
18# energies have been analyzed in this way. The quality
fits to experimental results was such that it became poss
to discuss hadronization conditions quantitatively, but
conclusions of the groups differ. For example the values
temperature range from as low as 110 MeV@9,14–16# to 140
MeV @10,13# to as high as 160, 170, and 180 Me
@6,8,11,15,17,18# at both SPS and RHIC energies.

These differences are on a closer inspection not very
prising, since the~tacit! assumptions made about hadroniz
tion mechanisms differ. However, this means that before
can say that the freeze-out temperature has been determ
we must understand precisely the origins of these dif
ences, and proceed to ascertain which model is applica
We shall suggest experimental observables, which will
particularly sensitive to the differences between the hadr
zation scenarios, in the hope that further experimental st
will allow us to understand the statistical hadronizati
mechanism.

We begin with an overview of the differences betwe
hadronization scenarios and their relation to the physical
sumptions used. Every model discussed here has been e
sively studied before, and has gained acceptance of s
part of the heavy ion community. The theoretical princip
that we invoke are well understood, and the methods we
can be found scattered in literature. We shall concent
here on an analysis of resonances produced in a heavy
collision. Direct detection of hadronic short-lived resonanc
has become possible through invariant mass reconstruc
@19–22#. Resonances have already been proposed as c
dates for differentiating between freeze-out models@23#.
Resonances are a sensitive probe of the freeze-out tem
ture, since the ratio of yields of particles with the same qu
composition is insensitive to both fugacities and phase sp
occupancies, and mass differences are greater than the
ronization temperature considered.

Here we shall develop this reasoning one step furthe
particles were to be emitted from a static thermal source,
feed-down corrections were performed, the ratio of re
nance to daughter particle would be independent ofm' .
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That this ratio is, in general, somewhatm' dependent is in
this situation due to dynamical effects, such as hadroniz
matter flow and freeze-out geometry. For this reason, it
be expected that them' dependence of this ratio can he
isolate these effects and thus remove the ambiguities in
present freeze-out models.

In Sec. II we review hadronization models and discu
their ambiguities. We then show in Sec. III how resonan
m' ratios can be used to distinguish between particle h
ronization models. We close with a short discussion of op
issues.

II. STATISTICAL HADRONIZATION

A. General remarks

Nearly all hadronic spectra comprise a significantO~50%!
component from resonance decays. Fits to data, which
not allowing for the decay contributions, have a very limit
usefulness. Particle spectra and thus yields are, in gen
controlled by the properties of statistical hadronization mo
els. However, some recent work fits the particle slopes o
@7,9,14,15#, treating the normalization of each particle as
free parameter. This approach can be argued for assumi
long-lived posthadronization ‘‘interacting hadron gas phas
in which individual hadron abundances subject to inelas
interactions evolve away from chemical equilibrium. Th
particular reaction picture clashes with, e.g., the fact t
short-lived resonance ratios can be described within the
tistical hadronization model using the chemical~statistical
hadronization! freeze-out temperature obtained in stable p
ticle studies@18#. This implies that, in principle, the relative
normalization of the particle spectra should be derived fr
a hadronization scenario involving flavor chemical pote
tials. In fact, a study of RHIC spectra finds that the norm
ization can be accounted for@17#, and that the chemica
equilibration temperature also describes particle spectra w
This is suggesting that any posthadronization reinterac
phase is short and has minor influence on the particle yie

The problem is that the different ways to derive hadro
zation particle distributions have a profound effect on t
resulting fitted temperature. Temperature affects the abso
number of particles through several mechanisms and anti
relates with the phase space occupancy parametersg i ,i
5u,d,s @10,13#. It has been found that the introduction o
these parameters motivated by the need to conserve en
©2003 The American Physical Society12-1
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at hadronization@13# decreasesx2 per degree of freedom
considerably and lowers the freeze-out temperature by
MeV @13#. Other workers assume the light flavors are
chemical equilibrium@6,8,11,18#.

Considering ratios of resonances to ground state parti
eliminates the fitted temperature’s sensitivity to chemi
equilibration, since the numerator and denominator have
same quark composition. In every hadronization model c
sidered here the chemical parameters cancel out and
temperature and fireball freeze-out geometry and dynam
influence the observed ratios.

When fitting the particle spectra, the system’s spa
shape and the way the freeze-out progresses in time ha
considerable effect on the form of particle distributions, a
hence on the fitted temperature and matter flow. The imp
of freeze-out geometry and dynamics on particle spe
were examined well before RHIC data became availa
@24,25# and it was realized that an understanding of free
out is essential for the statistical analysis of the fireball@26#.
Even though this matter has been clearly recognized, a
tematic analysis of how freeze-out geometry affects part
distributions is for the first time attempted here. In fact, ea
of the models used in the study of particle spec
@9,10,14,15,17# employs a different choice of freeze-out g
ometry, based on different, often tacitly assumed, hadron
tion scenarios. Thus, an understanding for the influence
hadronization mechanism is impossible to deduce from
diversity.

However, every study of fireball hadronization we a
aware of uses the Cooper-Frye formula@27#:

E
dN

d3p
5E pmd3Sm f ~pmum ,T,l!u~pmd3Sm!, ~1!

wherepm is the particle’s four-momentum,um is the system’s
velocity profile,T is the temperature,l is a chemical poten-
tial, f (E,T,l) is the statistical distribution of the emitte
particles in terms of energy and conserved quantum n
bers, andSm describes the hadronization geometry. It is t
covariant generalization of a volume element of the fireb
i.e., a ‘‘3D’’ surface in space time from which particles a
emitted.u(pmd3Sm) is the step function, which eliminate
the possible inward emission@28,29#.

The Cooper-Frye formula, Eq.~1!, is believed to be the
most general way to implement statistical hadronizat
emission of particles. For it to represent a physical desc
tion of the system, the following two conditions have to
met:

~i! Statistical hadronization must apply. The particl
emitted from a volume element~in its comoving frame! will
be distributed according to the Bose-Einstein or Fermi-Di
distributionsf (E,T,l) for some temperatureT and fugacity
l.

~ii ! A ‘‘small’’ volume element hadronizes rapidly in it
rest frame, that is, no long-lived mixed QGP-hadronic co
fined phase exists.

If this second condition is satisfied, it becomes possible
define a hadronization hypersurfaceSm5„t f(x,y,z),x,y,z…,
which specifies at which timet f hadrons are emitted from th
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point (x,y,z). In this fast hadronization case differingSm

can be considered for physically differing models. The d
ferent choices ofSm correspond to physically different sce
narios, and it becomes possible, in principle, to distingu
them experimentally. However, if a long-lived mixed pha
does exist, it might well be that the Cooper-Frye formula c
be used as an approximation technique to transform a hy
dynamically evolving system into hadrons, and authors w
worked with a long mixed phase have chosen this approa
see e.g., Ref.@30#.

B. Freeze-out geometry

The high baryon stopping power observed at SPS ener
@31–33# has prompted some authors to use a spherical
pansion and freeze-out as an ansatz@10#. However, at RHIC
collision energies the measureddN/dh @34,35# indicates that
around mid-rapidity the system conditions can be appro
mated by the Bjorken picture@36#.

To describe particle spectra measured around midrapid
therefore, boost invariance becomes the dominant symm
on which freeze-out geometry should be based. To const
such a hadronization scenario, we consider that the m
general cylindrically symmetric flow profile

um5S cosh~yL!cosh~y'!

sinh~y'!cos~u!

sinh~y'!sin~u!

sinh~yL!cosh~y'!

D , pm5S m'cosh~y!

p'cos~f!

p'sin~f!

m'sinh~y!

D ~2!

~the last, longitudinal coordinate is defined along the be
direction! leads to the following rest energy@37#:

pmum5m'cosh~y'!cosh~y2yL!2sinh~y'!cos~u2f!p' .
~3!

The requirement for the Bjorken picture is that the emiss
volume element has the sameyL dependence:

pmd3Sm;Acosh~y2yL!1B. ~4!

This constrains the freeze-out hypersurface to be of the f

Sm5„t fcosh~yL!,x,y,t fsinh~yL!…. ~5!

Here t f is a parameter invariant under boosts in thez direc-
tion, whose physical significance depends on the model c
sidered.

For central collisions, a further simplifying constraint
provided by the cylindrical symmetry, which forcest f , as
well asyL andy' , to be independent of the anglesu andf.
The freeze-out hypersurface can be parametrized, in
case, as

Sm5„t f~r !cosh~yL!,rsin~u!,rcos~u!,t f~r !sinh~yL!…,
~6!
2-2
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d3Sm

5t f rdrdudyLS cosh~yL!,
]t f

]r
cos~u!,

]t f

]r
sin~u!,sinh~yL! D .

~7!

And the emission element takes the form

pmd3Sm5Fm'cosh~y2yL!2p'

]t f

]r
cos~u2f!G

3t f rdrdudyL , ~8!

with the same dependence on the angle as Eq.~3!. Equation
~1! can then be integrated over all the possible values oyL
and u2f to give a particle spectrum, depending purely
the transverse mass, temperature, andy' . The fits in Refs.
@9,14,15,17# are based on such an ansatz.

What distinguishes the models currently considered is
time component of the freeze-out surface. The most gen
freeze-out hypersurface compatible with cylindrical symm
try is provided by Eq.~6!. Generally,t f ~a generic function of
r ) represents the time, in a frame comoving with the lon
tudinal flow, at which the surface at distancer freezes out.

The fits in Refs.@9,14,15# are based on a particular case
such a freeze-out surface, in whicht f is completely indepen-
dent ofr (]t f /]r 50). Such a picture’s physical reasonab
ness can be questioned, e.g., why should spatially dis
volume elements, presumably with different densities a
moving at different transverse velocities, all freeze out
multaneously in a longitudinally comoving frame? Howev
such a simple model can perhaps serve as an approxima

More generally, the ‘‘burning log’’ model@24,38# ~some-
times referred to as ‘‘blast wave’’; this term, however, is a
used to refer to the]t f /]r 50 model described in the pre
03491
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ceding paragraph! assumes that the emission occurs throu
a three-dimensional hadronization surface, which is expa
ing at a constant ‘‘velocity’’ (1/v f5]t f /]r ) throughout the
fireball. Both boost-invariant and spherically symmetric v
sions of burning log model were considered. Even if t
hadronization velocity encompasses an extra parameterv f , it
is worth considering since it is based on a physically mo
vated hadronization picture. Moreover, the burning log p
ture is a suitable framework in the study of sudden hadro
zation. Sudden hadronization occurs when the fireb
encounters a mechanical instability@39#, which combined
with the fireball’s high transverse flow ensures that the em
sion surface spreads to the interior of the fireball withv f
.c. All of the indications suggested for such a picture se
to be borne out by both SPS and RHIC data@13,39,40#.

An approach based on the hypothesis of initial state ‘‘s
chronization’’ by the primary instant of collision and the fo
lowing independent but equivalent evolution of all volum
elements assumes that each element of the system unde
freeze-out at the same proper timet. In this framework each
fireball element expands and cools down independently, h
ronizing when its temperature and density reach the crit
value. This model was successfully used to describe RH
m' spectra@17#. In this approacht f in Eq. ~6! is equal to
tcosh(y') and the hadronization hypersurface in Eq.~7! be-
comes proportional to the flow vector:

Sm5tum, ~9!

d3Sm5trdrdudyLum5dVum, ~10!

r 5tsinh~y'!. ~11!
TABLE I. Freeze-out hypersurfaces at contours of constant radii.

Surface Sm E
dN

dp3

a

Reference

Constantt f

]t f /]r 50 Stf

rW
D m'K1(bm')I 0(ap') @7,9,14,15,41#

Hubble
~constantt f!

tfScosh~yL!cosh~y'!

sinh~y'!cos~u!

sinh~y'!sin~u!

sinh~yL!cosh~y'!

D m'cosh(y')I0(ap')K1(bm')2

p'sinh(y')I1(ap')K0(bm')

@17#

Blast/burning log
~boost invariant! Stf~r!cosh~yL!

rcos~u!

rsin~u!

tf~r!sinh~yL!

D m'I 0(ap')K1(bm')2

p'

]t f

]r
I 1(ap')K0(bm')

This paper,@17#

Blast/burning log
~spherical! S tf

reWr
D e2E/TA T

p'sinh(y')
(EI1/2(ap')

p'

]t

]r
I 3/2(ap')

@10,24#

ab5@cosh(y')#/T, a5@sinh(y')#/T.
2-3
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FIG. 1. ~Color online! While boost invariance fixes the longitudinal freeze-out structure~left!, several scenarios exist for the transver
dependence of freeze-out~right!. For spherical freeze-out, only plot on the right applies.
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In this hadronization model the heavy ion fireball behav
similarly to the expanding Hubble universe. In the ‘Hubb
scenario, the Cooper-Frye formula reduces to the Tousch
Covariant Boltzmann distribution@5,37,42,43#.

V0d3p

~2p!3
e2E/T→ Vmpm

~2p!3
d4p 2d0~p22m2!e2pmum/T,

~12!

Vm5V0um. ~13!

~WhereV is the comoving fireball’s volume element in th
local rest frame.!
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s
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To summarize and illustrate the diversity of distinct ha
ronization geometries, we present in Table I and Fig. 1
freeze-out scenarios examined here. As we shall see
choice of freeze-out geometry produces in a fit of experim
tal data, a nontrivial effect capable of altering significan
the understanding of statistical hadronization parameters

C. Flow profile

Hydrodynamical expansion of the fireball implies, in ge
eral, that each volume element will have a different dens
and transverse expansion rate. For this reason, the inte
over d3S can span a range of flows, weighted by density.
first approximation, one can fit data using just an ‘‘averag
flow velocity throughout the entire fireball@7,10#:
and
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FIG. 2. ~Color online! p, K, L, and J m' distributions obtained with different freeze-out models and flow profiles. For this
subsequent figures, a uniform density profile was assumed.
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FIG. 3. ~Color online! Dependence of theK* /K, S* /L, andh8/h on the freeze-out model.
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FIG. 4. ~Color online! (K* 1K̄* )/(all KS), S* (1385)/(all L), andh8/(all h) ratios, including feed-down from resonances.
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FIG. 5. ~Color online! p' dependence of (K* 1K̄* )/(all KS), S* (1385)/(all L), and h8/(all h) ratios, including feed-down from
resonances.
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E
dN

d3p
5E rdr S E2p'

dtf

dr D f „T,y'~r !,l…

}S E2p'

dtf

dr D f ~T,^y'&,l!. ~14!

However, if one wants to properly identifydtf /dr, the
flow profile should be taken into account@44#. Hydrody-
namic simulations@30# accompanied by the assumption th
freeze-out happens when a volume element reaches a cr
energy density indicate that the transverse rapidity will
pend linearly with the radius, i.e.,v';tanh(r). This condi-
tion, however, is appropriate for a static freeze-out and w
not in general hold if the freeze-out is sudden. Other fl
profiles have been tried in the literature, arising from d
namical hypothesis. For example, the assumption that
freeze-out occurs at the same timet f results in a quadratic
(v}r 2) flow profile @45#, which has also been used recen
in fits to data@15#. In the Hubble fireball@17# the freeze-out
conditions will also result in a distinctive flow profile. Spe
cifically with Sm}um, we havegv}r .

Density profiles also depend on the assumed initial c
dition and the equation of state of the expanding QGP. It
been shown@46# that different density choices have a co
siderable effect on both the temperature and flow fits at S
energies.

Figure 2 shows how the choice in hadronization dynam
and flow profiles at same given freeze-out temperature
transverse flow can result in a range of inverse spec
slopes. Here the density profiles were assumed to be
form. It is clear that the same freeze-out parameters give
to a variety of substantially different particle spectra. Co
versely, fits to experimental data will only produce reliab
information on the freeze-out conditions if and when w
have a prior knowledge of the hadronization geometry a
dynamics. Therefore, conclusions about statistical model
as well as arguments whether freeze-out occurs simu
neously for different particles or not, cannot be answe
while the models used to fit the data are plagued by s
uncertainties. We will now turn to study how the measu
ment of spectra of short-lived resonances might provide
with a way of making progress.

III. MOMENTUM DEPENDENCE OF THE RESONANCE-
PARTICLE RATIOS AS A FREEZE-OUT PROBE

We have shown that the measurement of resonances
probe both the hadronization temperature, and the lifetim
the interacting hadron gas phase@12,23#. Ratios of a generic
resonance~henceforward calledY* ) to the light particle
~which we will refer to asY) with an identical number of
valence quarks are particularly sensitive probes of freeze
temperature because chemical dependence cancels out w
the ratio. If we examine this ratio within a givenm'.mY*
range, we expect to disentangle flow and freeze-out co
tions, since the ratioY* /Y should not depend onm' for a
purely static and thermal source.

We therefore take the most general Boost-invari
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freeze-out hypersurface in the Boltzmann limit~see Table I.
Boost invariant implies this is a good approximation
midrapidity!:

dN

dmT
2

}S~m' ,p'!5E
S
rdrS~m' ,p' ,r !, ~15!

where

S~m' ,p' ,r !5m'K1~bm'!I 0~ap'!

2
]t f

]r
p'K0~bm'!I 1~ap'!, ~16!

with

b5
cosh@y'~r !#

T
, a5

sinh@y'~r !#

T
~17!

and use it to calculate the ratio between two particles w
the same chemical composition. The chemical factors ca
out, and we are left with

Y*

Y
5S g*

g DS~m' ,p'
* !

S~m' ,p'!
, ~18!

whereg* and g refer to each particle’s degeneracy and t
function S(m' ,p') is given by Eq.~16!. ~Note thatm' is
the same forY* andY, but p' varies.!

Figure 3 shows the application of this procedure to
cases (K* 1K̄* )/(KS) ~top!, S* (1385)/L ~middle!, and
h8/h ~bottom! at two freeze-out temperatures and flows:T
5140 MeV, vmax/c50.55 on the left, andT5170 MeV,
vmax/c50.3 on the right. Significant deviations from simp
constant values are observed, showing the sensitivity of
ratio to freeze-out geometry and dynamics. The analytica
simple result in Eq.~18! is valid only if the light particleY
has been corrected for feed down from resonances, inclu
Y* . In other words, Eq.~18! as well as Fig. 3 require tha
decay products from reconstructedY* do not appear on the
bottom of the ratio. Experiments usually do not do such fe
down corrections@19–22#, since this would increase bot
statistical and systematic error on the ratio, and it is
always possible to do such corrections at all~undetected de-
cays! or in the full range of experimental sensitivity.

Introducing the feed-down corrections into Eq.~18!, we
obtain

Yobserved*

Yobserved
5

g* S~m' ,p'
* !

gS~m' ,p'!1(
i

gi* bY
i* →YR~m' ,pTi!

.

~19!

Here, S(m' ,p') describes the directly produced particl
and has the form given by Eq.~15! and each term
R(m' ,pTi* ) describes a feed-down contribution.
2-8
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In the case of an incoherent many-particle system, suc
that we are dealing with, the dynamical~matrix element! part
of the decay amplitude factors out@47#, and R(m' ,pTi* ) is
obtained by integrating the statistical hadronization distri
tion with a weight given by the phase space elements of
decay products. Thus, for a genericY* →Y, feed down is
given by anN-body decay,

R~m' ,p'!5E )
j 52

N
d3pj

Ej
S~mT* ,pT* !dS pm* 2pm2(

2

N

pj mD ,

~20!

where the integral is performed over the whole allowed
gion. If more than one feed down occurs, Eq.~20! can be
used iteratively, with the left-hand side to be fed back to
right-hand side at each successive iteration.

In general, this expression can get very complicated,
the Monte Carlo integration becomes necessary. For m
cases considered here, where there is one feed down
two- or three-body decays, Eq.~20! can be carried out semi
analytically @17,23,24#.

Figure 4 shows the ratios, including feed down of res
nances, for the same particles and statistical hadroniza
conditions as were studied in Fig. 3. In theS* /(all L) case,
we omitted the feed down fromJ to L, which is usually
corrected for@if this is not done, the ratioS* /(all L) would
depend strongly on the chemical potentials#. We did allow
for the f→KSKL feed down, since it is a strong decay th
cannot so easily be corrected for. We note that the feed d
from particles with a different chemical composition cann
always be corrected for, and thus some resonance ratios
also acquire a~mild! dependence on the chemical potentia
This is even true for ratios such ash8/(all h), given differ-
ent ss̄ content, in this paper, these types of chemical corr
tions were set equal to unity.

To further study the sensitivity of resonance-particlem'

ratio to freeze-out dynamics, we also present the~feed-down
corrected! case as a function ofp' rather thanm' in Fig. 5.
Unsurprisingly, we see grossly different behaviors, w
many of the results coalescing. This of course is an exp
sion of the fact thatY* andY have dramatically differentp'

at the samem' and vice versa. We believe that them' ratio
will, in general, be more sensitive to freeze-out dynami
since its dependence onm' is dominantly due to freeze-ou
geometry and dynamics. However, thep' dependence see
in Fig. 5 provides an important self-consistency check
our previous results. We have found that them' ratios are
often greater than unity even though there must be m
ground state particles than resonances. Now it can be se
the p' ratio that this requirement is satisfied.

IV. DISCUSSION

In general themT andpT dependence of the ratios in Fig
3 and, respectively, Fig. 4 and their normalization depe
on freeze-out geometry and dynamics. Changes in temp
ture and flow velocity alter the shape. The introduction o
steeper flow profile will further raise all of the consider
ratios, since a considerable fraction of particles will be p
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duced in regions that do not flow as much. The effect
freeze-out dynamics will generally go in the same direct
as freeze-out approaches the explosive limit (dtf /dr→1).
However, both the magnitude and the qualitative features
the two effects~flow and freeze-out velocity! will be consid-
erably different. Especially, when more than one ratio
measured, it would appear that we will be able to determ
the freeze-out condition. This is in contrast to them' distri-
butions in Fig. 2, where the effects discussed in this pa
result in linear corrections, which tend to compete, mak
the task of extracting the freeze-out dynamics much m
ambiguous. Thus, there is considerable potential
resonance-particlem'-ratios as a freeze-out probe.

The presence of a long living hadronic gas rescatter
phase can distort our freeze-out probe. In particular, the
parentY* /Y ratio will be altered due to the depletion of th
detectable resonances through the rescattering of their d
products. Its dependence onm' will be affected in a non-
trivial way, since faster~higher p') resonances will have a
greater chance to escape the fireball without decaying,
avoiding the rescattering phase altogether. Regeneratio
resonances in hadron scattering may add anotherm' depen-
dence, which is different for theS* /L and theK* /K ratios
@48#. Other signals of the existence of such an interact
hadron gas phase have been considered@12,23#. Fortunately,
there is no evidence that a rescattering phase plays a g
role in particle distributions. Even so, it would seem that t
‘‘safest’’ probes for freeze-out are the particles and re
nances most unlikely to rescatter.

For this reason we have included theh8/h ratio in our
considerations.h→gg and h8→gg have very different
branching ratios, but have the same degeneracies and si
but rather small partial widths. The electromagnetic dec
mode is practically insensitive to posthadronization dyna
ics. Regeneration effects are suppressed since the had
two-body decay channel is suppressed. All these featu
make these particles interesting probes, allowing for
analysis considered here.h,h8 mesons have been measur
at SPS energies in thegg decay channel@49,50#, and detec-
tors such as PHENIX are capable of reconstructing the s
decays at RHIC.

While a long rescattering phase would affect theS* dis-
tribution, the effect would be very easy to detect experim
tally: 95% ofS* decay through thep waveS* →Lp chan-
nel. However, regeneratingS* ’s in a gas ofL ’s andp ’s is
considerably more difficult, sinceLp scattering will be
dominated by thes wave Lp→S. This situation will not
occur forK* ↔Kp, since both decay and regeneration ha
pen through the same process, leading to a very fast reeq
bration time@48#. Since bothS* /L and K* /K ratios have
been calculated within the thermal model@12# ~neglecting
rescattering!, a strongly depletedS* /L ratio ~compared with
K* /K) suggests that a statistical freeze-out description, s
as that given in this paper, is incomplete, and an interac
hadron gas phase is also necessary.

In summary, we have presented an overview of the diff
ent statistical freeze-out models used to fit heavy ion d
2-9
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We have shown how the freeze-out geometry and freeze
dynamics influence the hadron spectra. Our primary resu
the finding that them' dependence of the resonance-parti
ratios is a probe of freeze-out. We have presented these r
for three particle species and two freeze-out conditions
have considered how our results could be altered by post
ronization phenomena.
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