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Abstract. We discuss rare events in particle production, with an emphasis on the 
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 suppression in heavy ion and nucleon collisions, and the role of two dimensional continuum percolation.

Introduction

We know that nuclei are made up of nucleons and that nucleons are made up of quarks. It is then natural to see nucleus-nucleus collisions as resulting from a superposition of nucleon-nucleon collsions and nucleon-nucleon collisions themselves as a consequence of the participation of quark and gluon degrees of freedom.

In the ideal situation we have a convolution equation which can formally be written as:
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 LISTNUM "Equations" 
The classical example of this scheme is Glauber  calculus, see [1] for a review and developments, where a set of rules is given on how to sum up the elementary contributions.

Sometime ago [2], it was shown that in good approximation the formal equation (1) can be  reduced to the second term: 
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What happens is that experimentally fluctuations in particle distributions, P(n), and in transverse energy distributions, 
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, are much larger in nucleus-nucleus and hadron-hadron collisions than in the more elementary 
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 collisions. Tipically, in multiparticle production, the ratio 
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, where D is the dispersion, 
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 the average multiplicity, is of the order of 0.09 in 
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, while it is in the range 0.25 – 1 in nucleus-nucleus and hadron-hadron collisions. This means that fluctuations in the elementary collision can be neglected, i.e., the approximation of assuming that one always produces the average number of collisions in the elementary collision is quite good. Equation (2) then follows from (1).

If in addition one assumes that the elementary collisions are all equivalent, i.e., producing particles with the same density in central rapidity and the same transverse momentum distribution, then the number 
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 of elementary collisions is a measure of the number of produced particles and of the transverse energy: 
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The validity of (3), in the sense that 
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, was recently confirmed by [3].

   Please, note that our arguments do not apply to quantities that are strongly dependent on flavour and energy-momentum conservation (for instance: forward-backward production, quantum number flow). We concentrate here in quantities which are centrally produced: particles and transverse energy.

    Finally, the additivity procedure implied in our arguments, if, on one hand, it is always relevant, on the other it is, in general, not sufficient. Medium effects, essentially non-linear effects, tend to distort results making Eq. (2) not valid. We then have
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    The rest of this talk is organized as follows. In section II we introduce the notion of rare event. In section III we discuss the problem of the 
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 suppression. In section IV we make a short introduction to percolation and its possible application to the 
[image: image16.wmf]y

/

J

suppression.

RARE EVENTS

    For reasons explained above, we shall focus here on production in central rapidity region (called, in the old times, pionization region). The production may be of charged particles, n, or transverse energy, 
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. In both cases the distributions reflect the distribution in the number of collisions, 
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. We can be more precise. In the limit of validity of (2) we have
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where P(x) is a probability distribution, with, in the continuous approximation, 
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and 
[image: image21.wmf]n

,

,

T

E

n

 being average values, and
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    We shall consider two types of events in a AB collision: a) minimum bias events or unconstrained events (except for detector limitations) and b) triggered events (where, in addition, C occurs). In an event of type a) one measures a certain multiplicity n or transverse energy 
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, in an event of type b) one measures the same and, in addition, for instance, a di-muon pair, or a W or something else. It should be clear that events of type a) include events of type b).

   We assume now that the limit (2) applies (no elementary fluctuations and no medium effects). If 
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 is the probability of C to occur in an elementary collision, 
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 the number of events of type a) for 
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 elementary collisions, and 
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 the number of events with C occurring, we have
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Note that (8) is easily obtained having in mind the identity 
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 and the binomial expansion.

An event of type b) is denominated as rare if 
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 is small, such that in (8) one can, in good approximation, keep just the linear term in 
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we can construct the probability distributions, 
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This is a remarkable result as it is universal, independent of the nature of C (to the extent that 
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). In general, it says that 
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Eq. (11) was quantitatively checked in several situations, and similarly for Eq. (9):

i) Associated 
[image: image45.wmf]T
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 distributions to Drell-Yan dimuons, compared to minimum bias distributions in S-U (NA 38) [5] and Pb-Pb (NA50) collisions at the CERN SPS, [6].

ii) Associated multiplicity distributions associated to 
[image: image46.wmf]±

W

 and 
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 production, compared to minimum bias distribution in 
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collisions at the Fermi Lab. Tevatron [4].

In a different context, an equation similar to (11) was qualitatively tested in comparing associated distributions triggered by a sub-threshold pion to minimum bias distributions [7].

The 
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 problem

Production of 
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 can be considered as a rare event because the production cross-section and multiplicity are very small. However, clearly, Eq. (9) and (11) do not work: 



[image: image51.wmf](

)

(

)

n

n

a

n

y

y

N

N

J

J

/

/

¹


 LISTNUM "Equations" 
and
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For instance, the ratio
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of the 
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 associated distribution in the case of 
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 and Drell-Yan, if Eq. (9) was true in both cases, should be constant, independent of 
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. Experimentally it is not constant, it decreases with 
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 [8]. On the other hand, with Eq. (11), when comparing the 
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 associated production distribution to the minimum bias distribution, in the case of S-U, agreement does not exist [4].

   There are two proposed explanations for the decrease of 
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, (14), as 
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 increases: absorption and quark-gluon plasma formation. In the case of absorption the created 
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 is subsequentely destroyed by interactions with the medium [9]. It is a problem similar to the attenuation of a beam moving through some length of matter. In practice, this means that the effective number of collisions is smaller. In (9) and (11) we make the change
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Note that, comparing to the standard absorption formula, 
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 being the length, we have 
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   The other possibility is quark-gluon plasma formation at some critical 
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 by Debye screening [10] in the region of the phase transition: 
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Finite size effects make the transition not as sharp as in (16).

   We have then 3 possibilities. There is no interaction with the medium and 
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 drops abruptely at some value 
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   The essential difference between absorption and Debye screening is in the curvature of 
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: positive in the case of absorption and negative in the case of quark-gluon plasma formation. Experimentally, in most cases, the curve is compatible with absorption (see, for instance, 
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 in S-U, NA38 [5]). However, for denser Pb-Pb collisions there is the possibility in the curve 
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 of the presence of one or more drops, with change in curvature [8].

the case for percolation

   In the Dual Parton Model [11] the interaction of hadrons and nuclei can be seen as occurring via the formation of strings, carrying the quantum numbers at the ends. There are long strings in rapidity, associated to Valence parton interactions, in a number proportional to the number of participating nucleons, N, and short and more central strings, related to Sea parton interactions, in a number roughly proportional to the number of collisions 
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,  a number growing with energy. As this number increases the strings start to overlap (fuse) in the impact parameter, generating a situation similar to two dimensional  continuum percolation [12]. When percolation occurs we move from a situation of a colour insulator (nucleons, hadrons) to a situation of colour conduction (quark gluon plasma). 

   The relevant parameter in percolation is the percolation parameter 
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, which measures the transverse density. In the present context 
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where 
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 is the transverse radius of the string, 
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 the radius of the interaction region, 
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 the number of collisions and 2k the number of strings (strings are produced in pairs) produced in an elementary collision.. The quantity 
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 is an increasing function of the energy: as energy increases more Sea strings are produced. The parameter k controls this increase. Numerical studies show that th phase threshold occurs for 
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 [12,13], increasing for 
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 in the case, more realistic in nucleus-nucleus collisions, of non-uniform distributions [14].

   In [15], see also [16], a model to describe the 
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 suppression based on absorption and percolation, as mentioned in section III, was developed. Better and higher energy data are required to check the validity of this approach.

   More recentely, in [17], it was discussed the possibility of 
[image: image85.wmf]y

/

J

 suppression, by quark-gluon plasma formation, in pp collisions. In this case, in (17), 
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. A strong suppression is predicted, in the Tevatron/LHC energy region. 
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