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Long-range charge fluctuations and search for a quark-gluon plasma signal
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We critically discuss a recent suggestion to use long-range modes of dbbgeic or baryohfluctuations
as a signal for the presence of quark-gluon plasma at the early stages of a heavy ion collision. We evaluate the
rate of diffusion in rapidity for different secondaries, and argue that for conditions of the Super Proton
Synchrotron(SPS experiments, it is strong enough to relax the magnitude of those fluctuations almost to its
equilibrium values, given by hadronic “resonance gas.” We evaluate the detector acceptance needed to
measure such “primordial” long-range fluctuations at Relativistic Heavy lon ColliR&tIC) conditions. We
conclude with an application of the charge fluctuation analysis to the search for the QCD critical point.
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I. INTRODUCTION The ideg[10,11] is based on the well known phenomenon
of kinetic slowdowrof fluctuation relaxation, providesuffi-

During the last few years significant attention has beertiently long-range harmonicsf a conserveccharge density
attracted to the issue @vent-by-event fluctuatioris high ~ are considered. If the relaxation time happens to be shorter
energy heavy ion collisions. The original goal of such studieghan the lifetime of the hadronic stage of the collisions, the
formulated in[1,2] has been focused aquilibriumthermo-  authors argue, then the values of such fluctuations should
dynamical fluctuationsat freeze-out It was argued that a deviate from their equilibriumresonance gasvalues to-
long and intense final state interaction of secondaries makegards their earlier, primordial values, typical for QGP.
heavy ion collision very different from hadronic collisions, ~ Although this idea should work for parametrically long-
in which dynamical fluctuations of quantum origin produce range effects, whether a number of necessary conditions can
quite different “intermittent” behavior. Experimental data, indeed be fulfilled in realistic heavy ion collisions depends
such as obtained by the NA49 Collaborat[@, have indeed on the answers to the following questiofig.How fast is the
revealed only very smalGaussianfluctuations of different relaxation due to final-state re-scattering in hadronic gis?
quantities incompatible with earlier predictions of large non-How large should the detector acceptance really be in order
equilibrium fluctuations, e.g., due to bubble formation duringto counter the relaxation(ii) Is there a window of param-
the phase transition. As discussed4+-6] in detail, exten-  eters forbidding resonance gas relaxation but allowing for it
sive quantities like the total multiplicitj obtain contribu-  at the QGP stage®) If not, what fluctuations should follow
tions from thefinal stateinteraction of secondaries due to from nonequilibrium parton kinetics, at very early pre-QGP
resonances and thiaitial state fluctuations related to the stages of the collisions?
number of participant and/or spectator nucleons. Further- In this paper we attempt to answer the first two of these
more, experimentally, for central collision{AN)?)/(N)  questions.
~2, and both effects share about equally the responsibility
for moving this number away from the Poissonian value
((AN)®/(N)=1. As emphasized irf4,7], the intensive Il. RELAXATION OF THE LONG-RANGE
quantities, such as meany, particles ratios, etc., are deter- FLUCTUATIONS
mined entirely by the final state effects, and are well repre- A. The setting
sented by the resonance gas.

Other goals of the event-by-event fluctuation analysis In this section we develop an analytical description of the
have also been discussed. In particular, one diglisusing time evolution of fluctuations due to the rescattering of
the ana|ogy between b|g bang phenomena and the “|itt|é)harged partiCleS in the hadronic gas at the late StageS of the
bang” in heavy ion collisions, suggested to look for primor- heavy ion collision: The following physical picture under-
dial “frozen QGP oscillations,” as is done for anisotropic lines our approach.
components of microwave background in the Universe. The We consider distributions in rapidity space of@nserved
idea was inspired by an observation that large-amplitude od?€t chargee.qg., electric or baryonWe start our description
cillations can be excited due to instabilities of parton coun-
terflows at the initial stagg9]. On the other hand, two si-
multaneous papers, by Asakawa, Heinz, and Myllé] and our approach is different from that §10—15. We provide a
Jeon and Koch11] suggested a different set of primordial guantitative description of the time evolution of long-range fluctua-
signals: equilibrium charge fluctuations in quark-gluon tions based on a stochastic diffusion equation, which we solve ana-
plasma(QGP), which happen to be a factor 2sBallerthan  Iytically. The value of the diffusion coefficient is our only numeri-
in the hadron gas. cal input and we determine it using realistic hadronic gas properties.
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from the beginning of the hadronic phase. In each event this (i) We must assume separation of scales—the minimal
phase “inherits” a certain distribution in rapidity space of interval of rapidity we can consider must be much larger
the charge from the primordial quark-gluon plasma phase. Ithan the mean rapidity change of a charged particle in a
the spirit of the statistical approach, we do not consider aollision, 8y, . In other wordsf must be averaged over a
specific charge distribution, but an ensemble of distributionsufficiently wide intervalAy. As we shall see later, the typi-
corresponding to a set of events. This ensemble of chargeal 8y, for the electrical charge is of order 0.8, while for
distributions is characterized by the mean and the magnitudgie baryon charge it is 0.2. Even in such a large acceptance
of fluctuations. The initial magnitude of those fluctuations isdetector as STAR at the Relativistic Heavy lon Collider
the input of our calculation. (RHIC), the coverage does not exceed few units of rapidity.
The fluctuations of different length, or range, in rapidity However, we can still consider a somewhat idealized limit of
space(i.e., different harmonics of the charge distribution rapidity windows much wider thafy.,,. This can certainly
relax on different time scales. The fact that the net charge ibe reasonable for the diffusion of the baryon charge. More-
conserved is crucial here. Because the relaxation can onlyver, in order for the ideas we are evaluating to work, this
proceed via diffusion of the charge, tlemgerrange fluctua-  limit is a necessary conditiofi0,11]. Indeed, if the rapidity
tions relaxslower The relaxation time grows as a square ofwindow is not large compared tdy ., the fluctuations will
the range. Our goal is to provide a quantitative description ofelax by ballistic transport of the charge on the time scale of
this process. the mean free timey,, towards their thermodynamic values,
In particular, we shall derive the equation which solvestoo fast for those ideas to wofk.
the following problem: Given a certain detector rapidity ac- It will not be essential for the analysis of this section how
ceptance window, and given the initial magnitude of thethe coefficienty(r) is calculated. It may bédeally) deter-
charge fluctuations, to find the time evolution of that magni-mined from first principles of QCD. In the late hadronic
tude. From the fact that longer range charge fluctuations restage of the collision, which is our concern in this paper, one
lax slower, it is evident that fluctuations of total charge in acan also use a simple formula to estimateSince, on the
wider rapidity window relax slower. Using typical numbers microscopic level,y is due to particle collision3:
for the lifetime of the hadronic phase and rescattering prop-
erties of the hadronic gas we shall determine how wide the (6Yeon)?

rapidity window must be chosen in order to preserve, to a 2700 @
sufficient extent, the primordialsmal) fluctuation magni-
tude. Since we shall be using E3) in Sec. Il to estimatey
(or, rather, its time integral, see belpwve shall discuss it
B. Diffusion in rapidity space here. It is clear that in the collisionless limitj..— o, the

diffusion in rapidity is absent, which is in trivial agreement
with Eq. (3). It is instructive to consider also the limit of
Tree— 0—the ideal hydrodynamic limit. In this limit diffu-
sion is also frozen—particles have no time to propagate.
Equation(3) can still be applied, but one must realize that,
f(y,7)=n(y,7)—n,. (1)  effectively, dy also vanishes in this limit. The reason is
that successive rapidity shifteach of order unityare not
independent but strongly anticorrelated. This happens be-
cause a colliding particle has no time to move out of the
- o region of particles of its initial rapidity, and is more likely to

's a constant within each event. scatter back in than further out. This is also related to the fact

We begin by considering evolution éfin a given event. . o
The event-by-event fluctuations will be the subject of secthat space-time rapidity (1/2)it+2)/(t—2)] and momentum

I D. There we shall also address fluctuations of the tota(apldny_can differ significantly in th|_s limit.

charge Q, or ng), which we ignore for now. Sincéis a In this paper we need to describe the late not-so-dense

density of aconservedquantity it should obey a diffusion hadronic stage of f[he poII|S|on Withyree ONly @ few “T“es

equation in rapidity space, smaller th_an evolution time, ar_1d we shall gpply Ei).wnh_— _
out worrying about complications of the ideal hydro limit.

We introduce the density of a conserveet chargeQ per
unit rapidity,n(y, 7), as a function of time- in a given event.
The objects we are really interested in are flnetuationsof
the density,

In the Bjorken boost invariant scenarig is proportional to
the total charge in the central regiaty= Quta/ Viota» Which

d,f =y, 2

_ . e - C e %In the same spirit, we shall not consider also the effects of finite-
where y=y(r) is the diffusion coefficient. This diffusion ness ofy., the total collision rapidity range. These have been

equation(2) applies, provided the following conditions are gygied already12,13 and correspond to certain boundary condi-
satisfied. tions in Eq.(2).

(i) We must assume that fluctuations are sufficiently small 3one can think of this as a random walk in rapidity space with
to justify linear approximation in Eq2). This is reasonable Gaussian random steps of mean square lenggh,()2 and com-
if the number of particles carrying the charge is large, whichpare the equation for the mean square distance from origip)
is fulfilled in sufficiently central heavy ion collisions at the = (/74 (8ycon)? With the Gaussian solution of the diffusion
Super Proton Synchrotrof8PS and higher energies. equation(2), which gives Ay)?=2yr.
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One can also use cascade codes to estimater just the rately and added in quadratures, as is dori&]nin contrast,
diffusion length squared 2ydr, directly, with possible an- for intensivequantities, such as, for example, the ratio of
ticorrelations already included, bypassing the evaluation opositively to negatively charged particles considered7ih
Yeoll - such initial state fluctuations cancel and need not be consid-
ered.
C. Langevin equation Our goal now is to use Ed4) to determine how quickly

fluctuations approach their thermodynamic distributi&n
In other words, we need to solve the functional Fokker-
Planck equation with a given initial distributioR[f], and
%ee how thifunctionalevolves with time.

The Fokker-Planck equation corresponding to E@s.
and(7) is given by

Equation(2) describes relaxation of the densityto its
equilibrium value. It implies that we average over time
scales longer compared to the characteristic time of fluctu
tion of f. If, however, we are interested ftuctuationsof n
around its equilibrium value, E2) is not enough. We must
add a noise term

)
57f=73§f+§(y,7')- (4) (;szf dydy7_5f(y)
The characteristic autocorrelation time of the noise is of the
same order as the time scale of the variatioh dhis time is w| — azf(y)P— &zx(y—y’) p ®
very short since the rapidity windows we consider contain Y y sty |

many particlesf changes each time any of the particles col-

lides. and is not very easy to study. Boost invariance helps, how-
The rapidity correlation of the noise can be determined byever. We shall do a Fourier transform with respect to the

requiring that equilibrium fluctuations dfare given by ther-  variabley. Let us denote harmonics dfy) by f,. If we start

modynamics. Thus, they are Gaussian with the probabilityvith the factorized probability distributioP=1I,P,[ f,],

distribution then each harmonic evolves independently following the par-
tial differential equation
1 f(y)f(y’)
Pthem[f]wexp{ _if dyd)/m ) P P
xXy—y 3.Pk=y K > fiPit x5 Pu |- 9
ot It

wherey is the equilibrium density-density correlation func-

tion in rapidity, which we need not know explicitly at this |t is easier to derive this equation directly from the Fourier
point,4 and we used boost invariance of the Bjorken scenariogransformed Langevin equation

In other words,

9, fk=— y K f+ &,

(FEy N =xty=y"), (6)
IV — 2 ’
where the average is over time. Writing the functional (1) & (7)) =29k X S(T—7"). (10
Fokker-Planck equation for the probability dendiyf | fol-
lowing from the Langevin equatiot), we find that Eq(5) E. Gaussian solution
is a stationary solution when the noigeis Gaussian and

We can now pose the problem mathematically and solve
it using Eq.(9). Let us imagine that at some initial time
PN — 2 o o =0 (in our analysis, the beginning of the hadronic phake
(€ ey’ 7)) ==2y0x(y=y")8(r=7). (@ probability distribution for each harmonit is given by a
_ Gaussian with a mean square variantg = o-2. What hap-
D. Fokker-Planck equation pens to this probability distribution with time? Substituting
Before we proceed to solve the Langevin equatidnwe  the Gaussian ansatz
should relate the time average in H&) to the event-by-
event average. They are the same by ergodicity. However, _ 2, \1-1/2
one should glso keeyp in mind that ch)::\nggs in ir>1/itial condi- Pdfid=[2moi(7)] exp{ a
tions will change the equilibrium value,. Such initial state
fluctuations, as discussed in the Introduction, can contributgne sees that Eq9) preserves the Gaussian shape of the
significantly to the observed event-by-event fluctuations ofyrobability distribution. The evolution of the distribution can
the extensivequantities, such as the total char@ Such
fluctuations are statistically independent from the thermody-
namic fluctuations we consider and can be calculated sepax i C e N
The condition of applicability of the diffusion approximation,

obeys

2
k

already discussed above, can be also stated as the condition that we
are describing sufficiently long range, i.e., smialharmonics:k
“The relaxation time of small linear fluctuations we study will not <1/8y.,,. For high harmonics the relaxation rate isL, instead
depend on their absolute magnitude. of vk
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therefore be described by the evolutionagf{ 7). The equa- 1
tion for o (7) following from Eg.(9) is given by

08 |
3,08 = =2y k(0= xw). (12
06
with the solution =
04}
Uﬁ(T)ZXkJr[Uﬁ(O)—Xk]eXP[ —2k2f0 vdr]- 13 02t
For simplicity, we neglected the dependenceygfon 7 in 00 015 1 1:5 2 2:5 3 3:5 4

the hadronic phase. Obviously, E4.2) can be solved for
arbitrary y(7), if one is given. In this paper we apply Eq.
(12) to an idealized scenario, in whigh changes abruptly at FIG. 1. The function describing the onset and saturation of the
the QGP-to-hadron-gas transition, and we see how thequilibrium fluctuation magnitude in a rapidity window with time:
charge fluctuation magnitude relaxes to its hadron gas equds-(18) and(19.

librium value. Equation(13) demonstrates explicitly that,

due to the local conservation of charge, harmonics with ) dk sir?(kAy/2) ) )
smallk relax very slowly. Using Eq(3), the exponent in Eq. = f o WXk[l_eXp{_k (Ayairr)}]

(13) can be also written al§?(Ay,¢)?, where

X

= X0y F(x),

(14)

dr
Tfree

(AYdiﬁ)ZEZJ YdTIJ (8Ycon)? AV

0 0 _ AVYdift

X= 8y (18

is the mean distance on which a charged particle diffuses

during the timer. The dependence on timeand the rapidity windowAy en-
ters through the ratia of Ayg¢ given by Eq.(14) and the

F. Relaxation in a rapidity window half width of the windowAy/2.® The functionF is given by

In experiment one is measuring the event-by-event fluc-
tuation of charge, X 2 1
F(x)=14+ —=(1—e ¥ —erf |- (19

N

It rises asx/\/7 at smallx and saturates as-11/(x\/7) at

in an interval of rapidity,[y,,y,]. This fluctuation,AQ  Very largex (Fig. 1). xoAy is the equilibrium thermody-

—Q—(Q), can be written as a weighted sum of the fluctua-"a@mic size of the fluctuatiof(AQ)?) (it scales linearly with
tions of the Fourier componentg the sizeAy as it shoulgl. The reason thaE saturates only as

a power of time, and not exponentially, is the fact that the
characteristic relaxation time of the long-range harmonics

dk dk
<(AQ)2>=JEMPU&)ZJEC%TE(T)- (16)  diverges.

o=["nay, (15)

The weight is determined by the Fourier harmonigg, of I1l. REALISTIC RESCATTERING IN HADRONIC GAS
wiiguingtlon equal to unity foy [ys.y,] and zero other- A. Cascade estimates of the diffusion rates
Our estimates foAy ¢ in the hadronic gas phase can be
2_sinz(kAyIZ) B simplified by noting that the dependence pfon 7 in Eq.
led*= (kI2)? (Ay=yz2—y1). (17 (14) is mostly due tor,.... The rapidity change per collision,

OYcons IS approximately independent of since the decrease
The main contribution is from harmonics wikr~1/Ay and  of the temperature is relatively weak in the whole hadronic
smaller. Equation$13) and (16) determine the evolution of Stage, T=160-110 MeV, and kinematics of low-energy
the magnitude of the quctuatio(r(AQ)2>. scattering changes little. In other wordsy s is given by

For example, consider the case when the hadron gas “inthe random walk formula

herits” from the QGP phase practically zero fluctuations of
the charge(or fluctuations much smaller than required by
hadron gas thermodynamics—an idealization[6,11), ®We assumed, for simplicity, thag,=const in the intervak
i.e., 0f(0)<xx. Then, using Eqs(13), (14), (16), and(17),  <1/Ay, which is true when the density-density correlation length is
we can calculate the magnitude of the fluctuation of themuch smaller thany—a good approximation for the large rapidity
chargeQ in the rapidity windowAy after timer: windows we considerAys 8y .
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AY it = 6YcoiVNeoll (20) @ 0%
where E
z
rdr E’
Neon= f (21 3
0 Tfree 5102
is the total number of collisions per particle during the time 35’
7, from the beginning of the hadronic phases0, until 3 R
freeze-out. - :
At comparatively low relative energies of rescattering in ey
guestion, all relevant processes are due to certain resonance: 3
such asA for N collisions,p for 77 collisions, etc. So, our
first task is to determine what is the mean change of rapidity I : RS
in such collisions. Taking pions and nucleons with thermal L
distribution, we have found probabilities of different reso-
nances and have determined the following values for the ' f
mean rapidity shifts per collision A DU T U TR TN U T T
0 5 10 15 20 25 30 35 40 45 50
5)/20”%0.8, 5y2‘0"%0.2. (22 Number of rescatterings

Th d h . vadask i | FIG. 2. Distribution over the number of rescatterings in central
e secondand much more involvedask is to evaluate AuAu 100+ 100 A GeV collisions, according to the RQMD code.

the average number of rescatterings, for each type of pakpe solid line is for kaons, the dashed one for nucleons, and both
ticles. The average value can be evaluated from standarge taken in the midrapidity regiony(<2).

rates

_ but those are far from being dominant.
'w":E f dtojjui;(tn;(t) (23 Fortunately, a similar code, UrQM[17], has been exten-
] sively studied, and in the talk by Bleicher one finds a graph
showing dN.,/ds for baryon-baryon, baryon-meson, and
eson-meson collisions, under the same conditions. Divid-
ing by the number of mesons and integrating over subcolli-

and even a very simple estimate shows that those numbe,
are not small. The nucleons suffer especially multiple colli-

sions, O.f the ord_er of 10-20, since theinduced Cross sec- g4 jnyariant energyg, we obtained the total number of col-
tion at its peak is as large as 290 mb, and there are ManYsions from meson-meson scattering to NES~8 per
pions around(This phenomenon is sometimes referred to as ol

pion wind) However, more accurate estimates depend o e30n: MOSt of the mesons are pions, of course, and this
many details, like thé geometrical location of the particle innumber f_|ts well between thié andK ones m_entl_one_d abO\_/e_.
guestion ex;;ansion of the fireball, etc. Those can only b Adopting these ngmbers, we can co_mbme It with rapidity
obtained'from either realistic hydro ’siijIations or from had_%hange per scattering, and get our final estimates for the
) diffusion distance at RHIC,
ronic cascades.
We have chosen the latter alternative, using two popular
hadronic cascade codes. First, we have generated AuAu AyFe~22, Ayhg=0.9. (25
RHIC events (108100 GeV) with RQMD [16], and
looked at the total rescattering number per particle located at . o
midrapidity y~0. The results are shown in Fig. 2, as a dis- At SPS the pion multiplicity is about a factor of 2 smaller,
tribution over the number of rescatterings suffered by kaon&d the rescattering number is reduced NE~15 and
and nucleons. One can see that for the nucleons the distribfco=5, so that at SPS
tion has a very wide tail, reaching large values and with an
average being of the order of 20. Kaons, on the other hand, T N
sufferga mucﬁ smaller number of collisions, about five on AYdr=18, AYqy=0.17. (26)
average, and there is about 20% of kaons without rescatter-
ing at all. Let us now compare it to some typical experimental condi-
Unfortunately standard RQMD output does not allow ustions at SPS. For the accepted interval of rapidityAof
to trace an individual pion, which appears and disappearss 2, the argument oF (x) plotted in Fig. 1 is directly these
and we do not have the mean rescattering pion number diralues ofAy, and one can redd from it: the result is 0.7
rectly from that simulation. We can only evaluate the totaland 0.42 for pions and nucleons.

number ofr— N rescatterings In the preceding section we described an idealized case
aﬁ(0)<xk. For our estimate of the effect we shall use a
a _ NN (dNy/dy) ~2 (24) more general expression, which gives the time dependence

coll ™ Neoll (g N, /dy) of ((AQ)?) given its initial value at the beginning of the
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hadronic phaser=0, ((AQ)%),=03(0)Ay,” and the had- the centrality dependence of E@®8) of the order of 10%,
ronic gas equilibrium valué(AQ)?)eq= xoAY, rising towards more central events.

<(AQ)2>:<(AQ)2>eqF(X)+<(AQ)2>O[1_ F(x)], C. Charge fluctuations at RHIC

Finally, let us briefly discuss the prospects of observation
of QGP-like charge fluctuations at RHIC. The STAR detec-
tor has significantly larger rapidity acceptance, and although
diffusion of pions is slightly stronger at RHIC, one can hope

For example, starting from the fluctuations suppressed b{o see deviations from the resonance gas value. Indeed, for
a factor of about 310,11, i.e., <(AQ)2>O/<(AQ)2>eqm 1/3, the rapidity windowAy=4, Eqs.(25) and(27) predict that
and usingF~0.70 for the fluctuations of the electric charge the primordial QGP factor 1/3 suppression of the electric
we find ((AQ)2>/<(AQ)2>eq“0-80- For example, only a charge fluctuation will survive as factor
20% suppression survives until freeze-out after a threefold 9
suppression at the QGP—hadron-gas transition. A similar es- w% (29)
timate for the baryon number with~0.42 is more encour- <(AQ)2)eq
aging:((AB)2)/((AB)?)e~0.62.

Ay

X—m. (27)

suppression. Another important prediction is that this sup-
B. Charge fluctuations at SPS pr_ession must strengthen, i.e., the rdfl8) degreasesas the
} S ~width Ay is increased In other words, opening a wider ra-

~ We have shown above, that the pion diffusion in rapidity yidity “aperture” allows us to see deeper back into the his-
in the hadronic phase is sufficiently strong. For a typ|calo[Ory of the collision?
detector with the acceptanagy=2 it reduces the initial de-  The baryon number fluctuations have slower diffusion,
viation from the equilibrium value of an event-by-event pt rapid proton-neutron conversion together with virtual in-
charge fluctuation to nearly its equilibrium value in the had-y;sjpjlity of neutrons basically undermines the very idea: the

ronic gas given by7] relaxation slowdown can only occur if the current under con-
((AQ)?) sideration is a conserved one. A similar problem arises if one
Ny ~0.7, (28)  considers strangeness fluctuations.
C

IV. w*/7~ FLUCTUATIONS NEAR

which is very far from the QGP value. The deviation from THE CRITICAL POINT E

the Poissonian value of 1 is due to thé, = multiplicity
correlation induced by resonance decays. In this section we discuss a new signature of the critical

Furthermore, a specificentrality dependencef charge  end pointE [19] based on ther* /7~ fluctuations. As dis-
fluctuations in PbPb collisions follows from the resonancecussed in19,4], the main feature of thermodynamics near
gas freeze-out scenario. The magnitude of charge fluctuahe critical point is the presence of long-wavelength fluctua-
tions (28) shouldincreasetowards most central collisions. tions of the magnitude of the chiral condensate, or, dhe
This is opposite to what the QGP signal is supposed to do, ifield. One of the signatures proposed i9,4] was based on
one expects it to show up in more central collisions. the fact that such light- quanta cannot decay at freeze-out,

This opposite trend is due to the fact that more centralf it occurs near poin€, and their large population survives
collisions correspond to lawer freeze-out temperatuf@8]:  until the time after freeze-out when their rising mass exceeds
the larger multiplicity is, the later freeze-out occurs. Signifi- the 27 threshold. The signature proposed i9,4] used the
cant centrality dependence of the radial flow observed at SPct that produced pions had a necessarily nonthermal spec-
confirms this idea. It follows that for most central collisions trum with low meanp+ .
one expects less resonances, and a correspondingly de-The contribution ofs decays to the pion spectrum is, to
creased deviation of charge fluctuation from the Poissoniagome extent, similar to the contributions of other, standard,
value 1. resonances in the resonance gas model, sugf.as par-

A simple estimate of this effect can be made using theicular, the producedr* 7~ pairs introduce positive correla-
fact that the contribution of the resonances is controlled bytion between the numbers of positive and negative pions,
the Boltzmann factor. Thus, for example, a decrease of temherefore reducing the fluctuation ef"/ 7~ ratio. The most

perature byAT~20 MeV leads to a decrease of the contri- significant difference is that the contribution efdecays is
bution of thep, resonance by a factor of 2. A similar de- only present near the critical point.

crease should occur in the contribution of other resonances,
such asw. Therefore the variation with centrality of the
freeze- mperature of order 20 MeV would corr n
eeze-out temperature of order 20 MeV would correspond to 8As emphasized if10-13, Ay should be sufficiently smaller

than the total collision rapidity rangg,.,. Otherwise the fluctua-
tions will be trivially constrained by the total charge conservation.
As with y,, we neglect thé dependence io, in the interval of  In a sense, we would be looking beyond the QGP stage of the
k~1/Ay. collision.
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In order to estimate this contribution, we assume that thgoint. As a function of the collision energy, this effect will
thermal population ofr’s is approximately half of the so- be seen as a dip in the magnitude of #&/ 7~ fluctuation,
called “direct” charged piongsince the mass of the is  thus providing a signature for the discoverytbfAway from
comparable tan_), as is done if4]. Thus the decaying’s the critical point the fluctuations will be compatible with the
produce the number afhargedpions of order x 2/3x1/2  ordinary resonance gas result calculatedish
= 2/3 of the number of “direct” charged pions. The latter is = NA49 Collaboratior{3] have now acquired data from col-
about 1/3 of the total number, the rest are produced by resdiSions at 40, 80, and 16@GeV of initial energy at SPS. We
nance decays. Therefore, the contribution g6 to the ar€ looking forward to the analysis of these data. If they
charge pion multiplicity is about 2#81/3~20%. Thus, the S.hOW a mo_n(_)tonlc dependence of the/m rat_lo fluctur_;\-
contribution ofo’s can be estimated to result in a reductiont'c.)n on collision energy as vye]l as on centrality, consistent
of fluctuations by an amount of order 20% with the resonance gas prediction, then one should be able to

Even though the actual contribution wiII. also depend Onrule out the presence of the critical point in regions of the

. QCD phase diagram, the location of which can be deter-
the detector acceptance of the soft part of the pion spectruntinad by the analysis similar tf20]. Collisions at other

it is reasonable to expect a noticeable suppression, cOMPgrergies, in particular those of RHIC, will be needed to scan
rable to the suppression of about 30% due to standard resginer regions of the phase diagram. If a signal described here
nances (°, o, etc) in Eq. (28). What is important is that s opserved, other signatures discusse@4ihmust also be
such an additional suppression of th€ /m~ fluctuations  seen to confirm the discovery of the critical point.

can only appear if the freeze-out occurs near the critical
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