arXiv:hep-ph/0501121 v1 14 Jan 2005

Strangeness observables and pentaquarks

Sonia Kabana

Laboratory for High Energy Physics, University of Bern, Sidlerstrasse 5, 3012 Bern, Switzerland

Abstract. We review the experimental evidence on firstly, strangeness production as a signature for the QCD phase transition and secondly, pentaquarks, the latest and most exotic manifestations of strangeness in hadrons.

1. INTRODUCTION

The phase transition between deconfined quarks and gluons and hadrons at a temperature of approximately 150-200 MeV is a fundamental prediction of QCD [1]. This phase transition is believed to have taken place in the early universe 10^{−6} sec after the Big Bang. The transition temperature is expected to be reachable with today’s accelerators and experimental investigations have tried to induce this transition colliding the largest available nuclei like Pb and Au at ultrarelativistic energies. The experimental searches for the QCD phase transition started in the eighties in AGS, SPS and continue at RHIC while in the future a large experimental program is approved to continue these searches at the LHC and the future GSI accelerator.

Signatures of this phase transition have been measured first at SPS (2000) [2] and then at RHIC (2003) [3]. Among those signatures we remark the suppression of J/Ψ in Pb+Pb collisions above initial energy density ε_i =2.2 GeV/ f m^3 [4] (fig. 1 left) as predicted by [5], and the rise and saturation of the chemical freeze-out Temperature (fig. 1 right, from [6]) as a function of collision energy as predicted by [7]. The expectation of a limiting freeze out Temperature is a direct consequence of the assumption of a phase transition in which case T (hadrons) is limited by T_{crit}, and would be expected independent of the concept of Hagedorn’s limiting Temperature for a non interacting system of hadrons. Hadronic reactions have been associated with an underlying thermodynamic behaviour from the fifties [8]. Remarkably, A+A systems at several energies have been found to agree with a grandcanonical ensemble, allowing to define a temperature, and even more remarkably the temperatures at chemical freeze out at √ s e.g. 17 GeV were found to be ∼ 170 MeV and therefore near T_{crit} [9, 10, 11]. Deviations seen e.g. in resonances are under investigation and can be due e.g. to rescattering of their decay products in the source [12]. Certain colliding systems e.g. the ones taken with minimum bias triggers, do not agree with a grandcanonical ensemble. While we discuss these deviations very briefly, we mainly focus here on strangeness production in colliding systems which agree with a grandcanonical ensemble.

Pentaquarks is a name devoted to describe baryons made by 4 quarks and one antiquark e.g. uudds. Exotic pentaquarks have an antiquark with different flavour than

FIGURE 1. Left: J/Ψ suppression as a function of the initial energy density (NA50 Coll.) Right: The freeze out T as a function of √ s.

their quarks. For recent reviews on pentaquarks see [13, 14]. Pentaquarks have been predicted long time ago e.g. [15, 16] while the number of pentaquark multiplets and their characteristics vary depending on the model used. Figure 2 shows the prediction of a spin-parity 1/2^+ antidecuplet of pentaquarks within the chiral soliton model [17]. Pentaquark searches were performed already in the 60’ies but few low statistics candidates found have not been confirmed [18]. However, recent significant advances in theoretical [17] and experimental work led to a number of new candidates in the last 2 years of searches [19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32].

Both the relevance of strangeness as evidence for the QCD phase transition as well as the evidence for the existence of pentaquarks are unsettled problems. Their clarification will improve our understanding of non perturbative QCD in an important way. QCD, while well understood at high energy scales and small couplings, is less comprehensible at low energy scales and large couplings. Basic questions like what makes up most of the nucleon mass, beyond the small part originating from the Higgs mechanism, search their answer in understanding non perturbative QCD. The confirmation of pentaquarks would break open the over many decades prevailing picture of hadrons as qqq and qq constructions only, while another fundamental prediction of QCD namely the existence of glueballs, still strives to be definitively answered. The slow and difficult progress on all the above questions over the years, reflects the fact that the discovery and understanding of both the QCD phase transition as well as of certain rare exotic hadronic states like pentaquarks, hybrids and glueballs represent an enormous experimental and theoretical challenge.

In section 2 we will discuss the initial prediction of strangeness enhancement as QGP signature (2.1), and review the observations, their interpretations and point to some open

FIGURE 2. Predicted pentaquark antidecuplet with spin-parity 1/2^+.

questions (2.2, 2.3, 2.4). We address especially the collision energy and energy density dependence of the total ss production as compared to light qq pairs in colliding systems which agree with a grandcanonical ensemble (2.2). This is then linked to the energy and energy density dependence of the chemical freeze out temperature and ultimately, to the QCD phase transition (2.3). In (2.4) we address briefly some selected topics concerning strangeness in QGP, reflecting work in progress.

In section 3, we review the experimental data on pentaquark candidates, as well as nonobservations. We discuss to which extend these sometimes contradicting informations may lead to a consistent picture.

2. STRANGENESS AND THE QCD PHASE TRANSITION

2.1. Prediction: the strangeness enhancement

Hadrons with strange quarks have been predicted to be produced at an enhanced rate out of a Quark Gluon Plasma [33]. Ss pairs can be produced in the QGP through gluon fusion with a low threshold defined by the mass of the s quark which due to chiral symmetry restoration is decreased to ∼ 150 MeV. The mass of the s quark is similar to the transition temperature m_s ∼ T_{crit} ∼ 150MeV and strangeness production is expected to reach equilibrium. Multistrange baryons and antibaryons are expected to be even more enhanced out of a QGP because due to their heavy mass they are hardly expected to reach equilibrium in a system below T_{crit}. Therefore the strangeness enhancement is expected to rise with the strangeness content. We will present and discuss in the following selected experimental results focusing on two particular questions: Firstly, if strangeness is enhanced and as compared to what and secondly, if there is experimental evidence for the QCD phase transition from strangeness production.

FIGURE 3. Particle yields in Pb+Pb collisions at √ s=17 GeV from the NA57 experiment shown per participant nucleon N, as a function of N. The ratios have been normalized to the same ratios in p+Be collisions at the same energy also from NA57.

2.2. Is strangeness enhanced and as compared to what?

The first measurements and first definition of strangeness enhancement Historically, strange particle production has been measured in several collisions of heavy nuclei (A+A) and has been systematically compared to p+p, p+A or peripheral A+A collisions at the same energy. The collisions of elementary particles like p+p or of peripheral A+A collisions have been taken in the literature as a reference system, that is they have been assumed to represent a colliding system in which no phase transition takes place because the volume is too small. In this case the p+p system is not expected to reach equilibrium.

The first observation of a K/π enhancement was reported in 1988 in central Si+Au collisions at E_{beam} 14.6 A GeV [34]. The first observation of a Λ, Λ and K^0_s over pion enhancement in A+A was reported in 1991 in central S+S collisions at E_{beam} 200 A GeV, compared to peripheral S+S and p+S collisions [35]. These first results were followed by a vast number of other observations of strangeness enhancement, e.g. [36]. Therefore the ’strangeness enhancement’ has been first observed and defined as an enhancement of the double ratio of strange particles over pions in central A+A collisions as compared to p+p, p+A or peripheral A+A collisions at the same energy.

Strange baryons and antibaryons A spectacular later finding was the enhancement factors up to 20 which have been measured for multistrange (anti)baryons (Ξ, Ξ, Ω, Ω) in Pb+Pb collisions at √ s= 17 GeV as compared to p+A collisions at the same energy (figure 3) [37]. While Ξ production at AGS [38] is well described with hadronic models this is not the case at SPS energy [39]. It is seen that the enhancement rises with the strangeness content. The ’strangeness enhancement’ has been defined here as ratio of strange particle to the number of participant nucleon (N) in Pb+Pb as compared to p+A collisions at the same energy.

FIGURE 4. Particle yields per participant nucleon N, as a function of N in Pb+Pb collisions at √ s=17 and 8.8 GeV from the NA57 experiment. The ratios have been normalized to the same ratios in p+Be collisions at the same energy also from NA57.

FIGURE 5. Particle yields in Au+Au collisions at √ s=200 GeV from the STAR experiment shown per participant nucleon N, as a function of N. The ratios have been normalized to the same ratios in p+p collisions at √ s=200 GeV also from STAR.

Another remarkable observation is that the yield of Ξ and Λ remains constant in √ s= 8.8, 17 and 200 GeV [40]. This may originate from a connection of strange baryons to the initial baryon number. It may however also be an artifact of the phase space acceptance of the measurement and the different baryon distributions at SPS and RHIC, as many strange baryons are expected where the baryons are abundant e.g. at forward rapidities. This can be studied with Λ’s in the FTPC of STAR and BRAHMS forward K data [41].

N dependence Baryons as Ξ, Λ and Ω (the sum Ω+Ω at this energy represents mainly the Ω’s) per participant N in Pb+Pb at 158 A GeV rise with N, while antibaryons (Ξ, Λ) show a saturation in the most central bins (fig. 3). This saturation maybe due e.g. to antibaryon annihilation in the highest densities. Since particle yields per N is approximately proportional to number density, assuming that N is proportional to the Volume (which may be incorrect due to expansion) in equilibrium particles per N should be N indepandant. Therefore a rising particle per N ratio versus N could be interpreted as a deviation from equilibrium [42].

The rise and saturation of particle densities with increasing volume as seen in the antibaryons, has been described as due to the gradual change from a canonical to a grandcanonical equilibrium description e.g. [43]^1 However, the latter two cases should be visible in the baryons too, not only in antibaryons which is not the case. Another possibility is that the change of density with N is due to a rise of temperature [42] and not to deviations from full equilibrium, assuming that an equilibrium description is valid for each of those N points to be able to define T.

The rise of particles per N with N may be attributed to hard collisions. However, the rise of particles per N with N seems steeper at 40 GeV than at 170 GeV Pb+Pb collisions (fig. 4). If the deviation from flat behaviour was due to a hard component, it should increase with energy. Therefore the rise seen in 40 and 170 GeV PbPB is not due to a hard component in strangeness production at these energies.

At RHIC (figure 5) one observes a continous rise of particles per N [44]. The Λ do not saturate, neither the Ξ. At RHIC one may expect hard processes to manifest themselves and this can be investigated looking at the p_T spectra and the N^α dependence of particles and comparing to lower energies and to models.

In conclusion the strange baryons per N rise with N at all energies ( √ s= 8.8, 17 and 200 GeV). Antibaryons do so only at RHIC, while at lower energies show saturation. The latter can be understood as due to antibaryon annihilation. The understanding of the N dependence of strange and non-strange particles is an open issue which needs more data and theoretical work to be understood.

Is the observed enhancement as expected for the QCD phase transition ? The enhancement factors of strange baryons and antibaryons are slightly smaller at √ s= 17 GeV than at 8.8 GeV, and are smaller at √ s= 200 GeV (STAR) than at 17 GeV (SPS), with the exception of Λ. This exception maybe due to annihilation effects and the different μ_b leading to a larger Λ/Λ ratio at RHIC. We therefore observe, that the enhancement factors of strange baryons and antibaryons per N in Pb+Pb as compared to p+A at same energy seem to decrease with increasing energy.

Figure 6 left shows that the K/pi ratio in A+A over p+p collisions [45] is as well increasing towards lower energies. Why is that so? We will address this question at the end of section 2.2.

Remarkably, this behaviour is exactly opposite to the theoretical expectation that ss enhancement is induced with increasing T and collisions energy, namely at or near Tc. This disqualifies the strangeness enhancement definition as enhancement in central A+A

1 In this work, with "canonical" describtion it is meant that the system did not yet reached the thermodynamic limit at which all ensembles are equivalent.

. FIGURE 6. Left: Double ratio of kaon to pion in A+A over p+p collisions as a function of energy. Right: E_s = (Λ + K)/π ratio as a function of energy (F=f( √ s).

collisions over p+p or p+A collisions at the same energy, as a QGP signature.

Energy dependence of strange to pion ratio in A+A collisions Another approach to study strangeness production relative to light flavours (u,d) is to look at the energy dependence of strange to non strange particles in the same kind of reactions e.g. nucleus+nucleus and particle collisions separately. The first such study [46] has shown that the energy dependence of strange particle to pion ratio (E_s) is different in A+A and N+N collisions. They observed a rise and subsequent saturation of E_s with energy (fig. 6, right). The authors proposed that the increase of strangeness over pion ratio at low energies is a consequence of the strangeness over entropy ratio being proportional to the chemical freeze-out temperature, which rises with collision energy. They observe a maximum of E_s in A+A, unlike p+p collisions, and they interpret this as due to the onset of the phase transition taking place between AGS and SPS near the maximum of E_s [47] which had yet to be localized at that time.

Maximum of strange/pion ratio at 30 GeV Pb+Pb collisions In the mean time, the maximum seen in E_s has been confirmed dramatically through latest data from NA49 [48]. NA49 found a maximum at 30 GeV Pb+Pb collisions (figure 7, 8) however only in K^+/π^+, Λ/π, while no maximum is seen in K^−/π^− which rises continouisly with energy (figure 7 right). Since a high baryon to antibaryon ratio favours the associated production of ΛK^+ the above differences suggest that they may be connected to the different baryochemical potentials μ_B reached at different energies in the same collision system (Pb+Pb, Au+Au) near midrapidity.

The baryon to antibaryon ratio is continouisly droping with decreasing energy in the same A+A system (e.g. [40]). Which implies that the K^+/π^+ and Λ/π ratio should continouisly rise with decreasing energy. Why is this not the case? Because the temperature drops below a certain energy (figure 1, right) and all ratios reflect this fact.

FIGURE 7. Left: K^+/π^+ ratio as a function of √ s in several reactions. Right: K^−/π^− ratio as a function of √ s in several reactions.

FIGURE 8. Left: Λ/π ratio as a function of √ s in several reactions. Right: E_s factor as a function of √ s in several reactions. See text for more explanations.

The hadronic models URQMD and HSD underestimate the K^+/π^+ ratio but do reproduce well the Λ/π ratio and it’s maximum [49]. To understand this discrepancy one could investigate the sharing of ss among hadrons, check conservation of ss and study the dependence of major channels like K^+K^− and ΛK^+ from collision energy, stopping and baryon density. For more discussion of hadronic models see e.g. [39, 49].

The maximum of the strange to pi ratio near 30 A GeV Pb+Pb collisions as mentioned previously has been interpreted as due to the onset of the QCD phase transition. Figure 8, right shows the prediction of [47].

However, this maximum has been explained in the mean time as a consequence of different μ_B values.

The influence of a varying μ_B in the energy dependence of strange to pion ratios has been investigated for the first time in [10, 50]. Each of the studied thermodynamic systems has

FIGURE 9. Left: Strangeness suppression factor λ_s as a function of the initial energy density in several reactions. Right: the same as left, after extrapolating all points to μ_B = 0.

been extrapolated to the equivalent thermodynamic systems at zero chemical potential. This is equivalent to an extrapolation of e.g. all Pb+Pb collisions to Pb + Pb collisions. The strangeness suppression factor λ_s, defined as the ratio of newly produced ss to light newly produced qq (λ_s =^{2ss}_{(uu+dd)} ) [51], is maximal in Pb+Pb collisions at 40 A GeV (figure 9, left, point at the maximum of the triangle). However, after the difference in the μ_B of the two systems is eliminated λ_s is found to be the same at 40 and 158 GeV (figure 9, right). Therefore the difference in strangeness is explained as due to the higher μ_B in 40 GeV as compared to the 170 A GeV Pb+Pb collisions.

If a part of the K/π enhancement is due to the onset of the QCD phase transition and a part to the high baryon density, the extrapolation to zero potential of all systems [10, 50] should leave a residual enhancement due to the phase transition itself. Figure 9, right, shows no such enhancement. This means that the enhancement seen in the K/π and Λ/π ratios at 40 GeV Pb+Pb collisions (figure 8, 7) has nothing to do with the phase transition. One should look if a peak appears after eliminating the μ_b with more data at 20 and 30 GeV (SPS) and around that energy at the future GSI. This has not been studied yet. The experimental measurement of many particle ratios at 20 and 30 A GeV Pb+Pb collisions by NA49 is therefore important for the understanding of this maximum.

The same conclusion that the ’maximum’ of strange to pion ratio is driven by the baryons has been reached later by [52]. The (T,μ_B) points describing colliding systems were found interestingly to be fitted with a curve assuming constant energy per hadron at freeze out < E > /N ∼ 1 GeV [53] (fig. 10, left).

Figure 10, right, shows that this parametrization, while it describes the general trend of the strangeness suppression factor versus energy, it does not fit in detail the λ_s e.g. at SPS. In addition there is no pronounced peak but a broad maximum.

FIGURE 10. Left: T versus μ_B. Right: λ_s versus energy. See text for explanations.

FIGURE 11. The quantity √ (K^+/π^+)(K^−/π^−) as a function of energy.

However, one should not conclude from this, that thermal models do not reproduce the maximum. The lack of a pronounced maximum is not due to the thermal model since the 30 and 40 A GeV points are well described by thermal model fits [54, 50, 55]. The less accurate description of the energy dependence of λ_s and the lack of a sharp maximum, may be due to the fact that the parametrization of a constant < E > /N ∼ 1 GeV does not describe well the ratio of strange to light quarks λ_s. Note that the ratio < E > /N is not a constant but exhibits a change in other thermal model analysis (fig. 14 of reference [50]).

In another study, the ratio √ (K^+/π^+)(K^−/π^−) is found to rise and saturate with increasing energy while increasing at RHIC energy [56] (figure 11). This ratio is special, as it constructed in such a way that it is μ_B independant. The lack of any maximum near 40 GeV Pb+Pb strengthens the previous conclusion that the maximum is due to the

FIGURE 12. Ratio of kaon yields per effective Volume as a function of the initial energy density for several reactions.

different μ_B [50, 52].

In [56] the higher K/π at RHIC is discussed as possibly reflecting a ’strangeness enhancement’, seen only in Au+Au collisions at RHIC as compared to p + p collisions (fig. 11). There are two things to mention. Firstly, since the share of ss among hadrons changes with energy one should look at the total strangeness production (λ_s) versus energy.

When one does this, looking at the λ_s at μ_B = 0 (fig. 9, right) this enhancement dissappears.

Strangeness in pp collisions at the Tevatron is similar to Au+Au at RHIC? Secondly, the point for pp collisions at √ s = 1.8 TeV (last open rectangular point to the right) in figure 11 is for a minimum bias trigger. The minimum bias point is below the points for central Au+Au collisions at RHIC. However, for pp collisions at √ s = 1.8 TeV with the highest charged multiplicity, one finds that the resulting K/π ratio of 0.14 ± 0.2 is consistent with the RHIC Au+Au data shown in fig. 11 [10].

In addition the λ_s from a grandcanonical fit with good χ^2/DOF to these data is consistent with the λ_s at RHIC when the different μ_b are eliminated [10] (fig. 9, right). While the minimum bias pp collisions at √ s = 1.8 TeV do not agree with a grandcanonical fit.

These findings call for more measurements of particle ratios in p+ p and p+ p collisions at the Tevatron and the LHC.

Strangeness enhancement is due to a canonical to grandcanonical transition? It is discussed recently in the literature that within statistical models the enhancement of strangeness in A+A is the result of volume dependant canonical strangeness suppression in p+p, p+A and possibly minimum bias A+A collisions.

This is not really true, because even if the p+p and A+A systems were both grandcanonical, the strangeness would be still enhanced in A+A as compared to p+p collisions, if e.g. μ_b and/or the initial reached T and ε differ.

At the same colliding energy p+p , p+A and A+A collisions (assuming we can use thermodynamic language to describe them and we do that when thermal model fits work well) form systems with different thermodynamic properties: different baryochemical potentials, different temperatures and different energy densities. Comparing therefore A+A to a p+p or p+A collision at the same energy may be like comparing apples and oranges. This explains why the K/π ratio in A + A over p + p collisions increases with decreasing collision energy as seen in fig. 6, left.

Comparing the same A+A collision system at different energies, may also be like comparing apples and oranges. For example, we have seen that the higher strangeness content in 30 and 40 GeV Pb+Pb as compared to 158 is due to the different μ_B [50, 52, 56]. This has nothing to do with a phase transitiion.

The above thoughts lead us to formulate some questions:

• Is there a strangeness enhancement beyond trivial sources causing strangeness enhancement like a higher μ_B ?

• Should we compare different colliding systems at the same colliding energy or choose a more relevant common parameter or set of parameters ?

• Which should be this parameter ?

• Is there a strangeness enhancement in A+A over p+p collisions when they are compared at the same value of this parameter ?

We will address these questions in the following section.

2.3. Do we see evidence for the QCD phase transition from ssbar production?

The choice of the ’gauge’ parameter for comparing strangeness A natural choice for the ’gauge’ parameter would be the initially reached temperature. We cannot measure this quantity. The only quantity characterizing the intial state of the colliding system which can be estimated from measurements is the initial energy density ε_i.

The first study of strangeness production as a function of the initial energy density has been performed in [42]. It was found (figure 12) that looking at the ratio of Kaon per participating nucleons not as a function of participant nucleons, but as a function of ε_i

FIGURE 13. Ratios of strange particles to pions as a function of the number of participant nucleons, of collisions and of the space-time density of inel. collisions, by the NA49 Collaboration.

transforms the puzzle of different N dependences seen in different energies and looking incoherent, into a universal curve throughout the different collision systems (fig. 12). Most importantly it rises with ε_i and saturates at the vicinity of ε_i ∼ 1 GeV which corresponds to 40 GeV Pb+Pb, therefore showing a dramatical change near ε_e ∼ 1 GeV/ f m^3. This onset of strangeness saturation is at a lower ε_i than the onset of J/Ψ suppression of 2.2 GeV/ f m^3 (fig. 1) which maybe due to the fact that J/Ψ suppression may be overcritical (e.g. [57]).

No maximum is seen in figure 12, for the reason that the data near ε_e ∼ 1 GeV are not taken from 20, 30 and 40 GeV Pb+Pb collisions but are all from 158 GeV Pb+Pb collisions. Therefore the μ_B does not change dramatically in the above figure. Note that kaons in fig. 12, behave like antibaryons in fig. 3, right. Mesons and antibaryons are less directly related to the initial baryon number than baryons and their characteristics may deviate. We also mentioned antibaryon annihilation. However, what is really relevant to study is the overall ss trend.

Initial energy density dependence of λ_s The first study of the overall ss production as compared to newly produced light quarks (λ_s) as a function of ε_i has been performed in [10, 50]. The λ_s factor shows a rise, a maximum and subsequent decrease with increasing ε_i (figure 9, left). The λ_s factor for A+A collisions is higher than the one for p+p and pp collisions.

However, after extrapolating all thermodynamic systems to μ_B=0, the factor λ_s shows a universal behaviour: it rises and saturates above ε_i ∼ 1 GeV/ f m^3 (fig. 9, right). This behaviour is followed by both A+A as well as by some particle collisions like ’central’ pp collisions which give a good thermal fit. The central Tevatron pp collisions give as mentioned the same λ_s as central Au+Au at RHIC within errors. A small remaining systematic deviation of the T and the λ_s being somewhat smaller in e^+e^−, pp and p+p collisions as compared to central A+A collisions at μ_B=0 [10], maybe attributed to volume effects.

Practically all the enhancement of A+A over p+p collisions seen in fig. 9, left, dissappears at same μ_B (fig. 9, right).

Why is the extrapolation to μ_B=0 important and what we learn from that, is discussed in the next session.

The use of other scale factors like the mean space-time density of all inelastic collisions during interpenetration fo the nuclei (< ρ_{inel.coll.} >) also leads to a better agreement of ratios in different A+B collisions at the same energy (fig. 13, middle and right), which differ when studied as a function of N (fig. 13, left) [58]. However this choice of scale factors e.g. the density, does not account for the different energy and therefore does not allow the comparison of collisions with different energies. The latter is possible using the initial energy density, which includes the energy dependence.

The extraction of critical parameters Assume we heat water, and measure the temperature versus the heat, but we are not allowed to measure the temperature of the steam (analogy to QGP) but only of the water (analogy to hadronic system). We would measure a rising temperature and then a saturation just below 100^0C, at normal density and pressure for water, because after T_{crit} is reached, we always measure the water temperature below T_{crit} even if heating is increased. From the plot we can find the T_{crit} for this phase transition, as the limiting T at which the T versus heat saturates namely 100^0C. This idea has been proposed long time ago [7].

Would we now put inside the water some salt and repeat the experiment we would each time find a different limiting T at saturation depending on the water salinity. Studing systems with different baryochemical potentials is like studing systems with different salinities and searching for the limiting temperature. In order to measure a single limiting temperature we should make the experiment at the same salinity.

The simplest way to normalize nuclei and particle collisions to the same ’salinity’ (μ_B) is to take salinity (μ_B) zero. One may then plot the chemical freeze out T as a function of the initial energy density and find the phase transition temperature without involving a comparison to theoretical predictions. This method has been proposed in [59] and was performed in [10] and [50]. The result is as expected a rise and saturation (fig. 14).

We learn (figure 14) that the onset of the QCD phase transition extracted from the onset of T saturation can be estimated to be ∼ 1 GeV/ f m^3. [10]. A more precise estimate leads to 0.6 ± 0.2 (stat) ± 0.3 (syst) GeV/ f m^3 [60]. This value is independent of lattice QCD predictions. The extracted ε_{i,crit} is in agreement with the predicted lattice QCD values [1].

Furthermore, we learn that the temperature does not depend on the μ_B as sensitively as the λ_s, as the plots of T versus energy or energy density with different μ_B’s (fig. 1,

FIGURE 14. Left: Temperature as a function of initial energy density for several systems at μ_B = 0.

right) and with the same μ_B (=0) (fig. 14) ) are very similar. This is why the plot of T versus collision energy at different μ_B, does not show any maximum near energy density 1 GeV / f m^3 (fig. 1, right).

On the contrary we have seen that strangeness is very sensible to different μ_B, it is a real ’baryonometer’ as well as a real ’thermometer", as it depends much also on T. A rising μ_B with decreasing energy would simply enhance λ_s continuously, (e.g. λ_s would continue to rise also below ε_i ∼ 1 GeV / f m^3 in fig. 9, left), would not be the case of the T falling below a certain limit (namely exactly at ε_i ∼ 1 GeV / f m^3, fig. 14). From the extrapolation to μ_B=0 we learn that the λ_s factor at μ_B=0 (fig. 9, right) shows no maximum anymore but it simply and universally follows the T in its rise and saturation versus initial energy density (fig. 14). This seems to be the case for A+A and also for p + p or pp collisions as suggested by fig. 9, while more data are needed to study λ_s in the latter in detail.

Where is the strangeness enhancement and as compared to what ? Strangeness enhancement can be therefore reinterpreted as the λ_s enhancement seen in all colliding systems which give a good thermal fit and have a ε_i higher than approx 0.6- 1 GeV/fm3 as compared to all colliding systems which either give no thermal fit or which have an ε_i smaller than 0.6- 1 GeV/fm3 (fig. 9). Therefore the definition of ’reference no QGP system’ is changed in a dramatic way, as well as the notion of ’strangeness enhancement’.

Can we measure the approach to T_{crit} and the critical exponent ? In addition, using parameters characterizing the data at μ_B = 0 one can study their approach to T_{crit} (as usually done in physics of other phase transitions) and extract the latter as well as the critical exponent. The approach to T_{crit} has been fitted with a function f = const/ln(1 − T/T_{crit} )^α for the first time in [50] using only data with ε_i > 1 GeV/ f m^3. It was found a T_{crit}= 218 ± 70 MeV and a critical exponent α=0.54 ± 0.47. The errors are very large in this study which only demonstrates the principle. LHC and RHIC data may allow to study in detail the approach to T_{crit} in this way. It has been further predicted that the λ_s factor in A+A collisions will reach practically its limiting μ_B = 0 value at the LHC [50].

How can equilibrium be reached in high energy particle and nuclear collisions ? It is an ongoing discussion in the literature what the saturation of the chemical freeze out T with increasing energy really means (fig. 1, right) and in particular why is the same for e^+e^−, p+p and A+A collisions e.g. [61, 62, 63].

It is always taken for granted that no QCD phase transition can appear in a p+p system due to the small volume. What if the p+p system has infinite energy ? After which energy the initially colliding particle volumes plays no role anymore ?

Maybe it is not a completely unexpected feature, if the hadronization of any quark and gluon system into hadrons (e.g. jet hadronization), as well as the hadronic mass spectrum, do reflect the existance and value of the T_c of the QCD phase transition. Speaking about temperature, we assume implicitly thermal equilibrium. Could jet hadronization be a thermodynamic process?

If a grandcanonical ensemble can describe the ratios in a pp collision and a temperature can be defined, why not a "QCD phase transition" in a high multiplicity pp collision ? [64] Along a hadronizing jet ? [65].

While qq produced in an elementary collision fly apart and cannot communicate with each other [62], the hadronization along each jet and the resulting particle yields may exhibit equilibrium features reflecting the T_c.

Does the QCD vacuum itself have a thermostat-like nature [62] ?

However, fact is that like A+A collisions, also elementary collisions do not always agree with a thermal model. In particular pp collisions, like A+A collisions too, need a "centrality" trigger to result in grandcanonical particle ratios e.g. at midrapidity. How can a high multiplicity pp collision appear to be an equilibrated system? The importance of quantum mechanical coherence for several aspects of multiparticle production in high energy particle and nuclear collisions has been discussed in [62] and [63]. High energy particle and nuclear collisions should not be viewed as a classical billiard ball cascade. Interactions among particles and virtual particle exchange for a quantum mechanical coherent system may lead faster to equilibrium and therefore to the equilibrium particle ratios pattern which is observed for the final (incoherent) particle species emmitted and observed in the detectors. This is true for nuclear as well as for particle collisions at high energies.

In the following, we address very briefly some topics of interest without going into detail.

2.4. Selected topics

Selected topics: 1. Studies of deviations from equilibrium Many interesting studies have been performed searching for deviations from equilibrium in particle production by introducing new parameters like a correlation volume or a factor γ which measures deviation from equilibrium of a certain particle type e.g. [66, 43, 56]. Such studies are very interesting and promising.

However even if the introduction of free parameters like γ factors for pions and/or strange particles is improving the fits, the physics interpretation of the result may not be unique.

For example the same deviation of measured ratios from a thermal source can be interpreted as strangeness nonequilibrium, or as pion nonequilibrium or both, or baryon nonequilibrium and so on, and have each time a better chisquare than a grandcanonical fit, while the deviation may even be due to something else e.g. to an incorrect resoncance decay correction.

It is also unclear if the precision of the measurements and in particular the correction for resonance decays is good enough for such studies. The systematic errors of those corrections should be smaller than the deviations seen in the data. More precise data from RHIC and LHC will help such studies to really explore their potential.

On the other side, standard thermodynamics (namely when there is no distinction between grandcanonical ensemble and other ensembles) therefore with no gamma factors, allows for a conceptually clear interpretation of the thermal or not thermal nature of a particle source. It is also found that indeed can fit a large variety of data with a good chisquare [9, 10], including high multiplicity pp collisions [10].

Particle yields from p + p and pp collisions at highest energies are very limited. It is therefore very important to achieve a better understanding of hadron production and strangeness in particular in p+p and other particle collisions through more measurements and theoretical work like e.g. [67].

Selected topics: 2. The ϕ The puzzle of different characteristics seen between the channels ϕ → e^+e^−(μ^+μ^−) and ϕ → K^+K^− possibly due to rescattering of Kaons, is under experimental investigation [68, 69, 70, 71, 72]. It seems that the discrepancy in the ϕ yield may be reduced using a new estimated branching ratio, however the different p_t slopes still remain. No discrepancy is seen in d+Au at RHIC by PHENIX [69].

Selected topics: 3. The role of Isospin corrections Another interesting new experimental finding is the fact that after correcting for the isospin the ratio K^+/π^+ in Pb+Pb over p+p is similar to the same ratio in p+Pb over p+p [73]. It would be however interesting to see the isospin corrected overall λ_s in full phase space or at midrapidity, rather than only one particle ratio, to be able to draw conclusions. Furthermore, models could be used to study the effect of isospin correction. Another interesting result of NA49 [73] is that when loking at the enhancement of the

FIGURE 15. Left: The azimuthal anisotropy parameter v2 of strange hadrons as a function of p_T in minimum bias Au+Au collisions at √ s=200 GeV. The hatched band indicates results from hydrodynamical calculations. Right: the same while both v2 and the p_T have been divided by the number of constituent quarks in each hadron.

projectile component from the p+p expectation (p+A = p+p (0.5 Nr of collisions x alpha + 0.5 E_{pro j}, with E_{pro j} the enhancement factor and alpha the isospin correction), the Ξ^− and Ξ have the same enhancement factor among them and in both Pb+Pb and p+Pb collisions. It would be important to see the Ξ^+ and Ξ^− ratio to participating nucleons or to pions after isospin correction, rather than the above factor E_{pro j} to be able to assess the role of this correction.

Selected topics: 4. Comparison to coalescence A further question is if yields of hadrons including strangeness are compatible with their production by quark coalescence out of a hadronizing QGP. Quark coalescence models predict a universal scaling of elliptic flow parameters versus p_T with the number of constituent quarks. There has been shown recent evidence that dividing v2 and p_t by the hadron quark content leads to a universal curve in the pt dependence of the v2 flow component in agreement with the above expectation (fig. 15) [74].

3. PENTAQUARKS

Several models predict the multiplet structure and characteristics of pentaquarks for example the chiral soliton model, the uncorrelated quark model, correlated quark models, QCD sum rules, thermal models, lattice QCD etc. (e.g. [17, 75, 76, 77, 78, 79, 80, 81, 82, 83, 84, 85]). The current theoretical description of pentaquarks is extremely rich as well as important and usefull for further searches, while it should be noted that it does not lead to a unique picture on the pentaquark existence and characteristics. This fact reflects the complexity of the subject. For example the observed mass splitting between Ξ^{−−}(1860) and θ^+(1530) is unexpected or not allowed by some authors e.g. like the old predictions of the soliton model [86, 17] and expected by others e.g. new calculations of

FIGURE 16. Missing mass M(γ, K^+) and right of the M(γ, K^−) (right) measured by the LEPS Collaboration. See text for explanations.

the soliton model [79, 87]. Furthermore, lattice calculations give very different results to the questions if pentaquarks exist and which mass and parity they have. The revival of the question on pentaquark existence is however very recent, and a fast progress is expected from both theory and experiment in the near future. Here we will concentrate on the experimental results.

θ^+_s The first prediction of the mass of the state uudds [16] using the chiral soliton model was m(uudds) = 1530 MeV. A recent updated study of pentaquarks within this model has shown that this value has a systematic error of the order of ± 100 MeV [79]. Recent advances in theoretical description of pentaquark characteristics, in particular the prediction of the width of θ^+( uudds) with spin=1/2 to be below 15 MeV [17] as well as in experimental methods and instrumentation [19] lead to the observation of the θ^+( uudds) in the γn → θ^+K^− → K^+nK^− reaction by the LEPS collaboration. They used γ beam with energy 1.5-2.4 GeV on C and H targets to be able to study γn and γ p reactions. They found m( θ^+) = 1540 ± 10 ± 5 (syst) MeV, width less than 25 MeV and S/ √ B = 19/ √ 17= 4.6. The neutron was inferred by missing mass measurement.

Many systematic studies have been performed e.g. for the understanding of the background. Figure 16 shows left the missing mass M(γ, K^+), and right of the M(γ, K^−). Left the dashed line shows the Λ(1520) peak when a proton has been detected due to γ p → K^+K^−Λ(1520). The solid line shows the θ^+ selected sample after all cuts, which does not exhibit a Λ(1520) peak. Therefore, the "signal" sample is dominated by γn interactions. The right figure shows the missing mass M(γ, K^−) for the θ^+ selected sample after all cuts again as solid line and the background with dashed. The θ^+ peak is visible. Among the systematic studies performed were to intentionally missidentify pions as kaons, test if the tails of the ϕ → K^+K^− distribution generate a peak, test if stronger particle identification destroyes the peak, Monte Carlo studies, test if Λ and Σ peaks are

FIGURE 17. Invariant mass nK^+ measured by the CLAS Collaboration. See text for explanations.

FIGURE 18. Invariant mass nK^+ measured by the CLAS Collaboration. See text for explanations.

well reproduced etc.

Most importantly, recent preliminary analysis of figures.data taken recently by LEPS lead to a confirmation of the seen peak with about 90 entries in the peak above background, as compared to 19 measured previously [88].

This first observation were followed by a number of experiments which have seen the θ^+ peak. The DIANA collaboration at ITEP (bubble chamber experiment) used K^+ beam with energy 850 MeV on Xe and have observed a peak in the invariant mass K^0_s p from the reaction K^+Xe → K^0_s pXe^′ [23]. They found m( θ^+) = 1539 ± 2 MeV, width less than 9 MeV and S/ √ B = 4.4.

The SAPHIR collaboration at ELSA used γ beam with energies 31-94% of 2.8 GeV on

FIGURE 19. Left: Invariant mass K^0_s p(p) measured by the Zeus Collaboration. Right: Invariant mass D^{∗−} p and D^{∗+} p measured by the H1 collaboration.

H and have observed a peak in the invariant mass nK^+ from the reaction γ p → θ +K^0_s → nK^+K^0_s [21]. They found m( θ^+) = 1540 ± 4 ± 2 MeV, width less than 25 MeV and S/ √ B = 5.2.

The HERMES collaboration at DESY used e^+ beam with energy 27.6 GeV on deuterium and have observed a peak in the invariant mass pK^0_s [24]. They found m( θ^+) = 1528 ± 2.6 ± 2.1 MeV, width 17 ± 9 ± 3 MeV and S/ √ B = 4.2 to 6.3. While the signal to background ratio in the above publication is 1:3, new analysis lead to an improved signal to background ratio of 2:1 [89].

The COSY-TOF collaboration observed a peak in the invariant mass pK^0_s from the reaction pp → Σ^+θ^+ → (nπ^+)(K^0_s p) [27]. They found m( θ^+) = 1530 ± 5 MeV, width below 18 ± 4 MeV and S/ √ B = 5.9. They measure a cross section of 0.4 ± 0.1 ± 0.1 (syst) μb which is in rough agreement with predictions of 0.1-1 μb for p+p, p+n near threshold.

An analysis of old ν and ν interactions from old bubble chamber experiments filled with H, d, or neon, and beam energies of 40 or 110 GeV has resulted in a θ^+ peak in the invariant mass pK^0_s with m( θ^+ ) = 1533 ± 5 MeV, width less than 20 MeV and S/ √ B= 6.7 [25].

The CLAS collaboration used γ beam with energy about 95%(2.474-3.115) GeV on deuteron target and have observed a peak in the invariant mass nK^+ from the reaction γd → K^+K^− pn through missing mass measurement of the neutron [20]. They found m( θ^+) = 1542 ± 5 MeV, width of 21 MeV consistent with the experimental resolution, and S/ √ B = 5.2 ± 0.6.

In a later publication the CLAS collaboration used γ beam with energy 3-5.47 GeV on deuteron target and have observed a peak in the invariant mass nK^+ from the reaction γ p → π^+K^−K^+n through missing mass measurement of the neutron (fig. 17) [22]. They observed evidence that the θ^+ is preferably produced through the decay of a new narrow resonance N^0(2400). They found m( θ^+) = 1555 ± 10 MeV, width less than 26 MeV and S/ √ B = 7.8 ± 1. This is the highest published significance obtained for the θ^+ from a single measurement.

A preliminary analysis of CLAS of the reaction γd → θ^+K^0 → (K^+n)K^0_s [90] (fig. 18) shows two peaks in the invariant mass (K^+n) at 1523 ± 5 MeV and at 1573 ± 5 MeV both having a width of about 9 MeV and significance of 4, respectively of 6 σ. It is important that CLAS will clarify the reason for the shift of the lower mass peak position and why the second peak appears with the new cuts but not with the old ones in the previously studied reactions. The second peak is a candidate for an excited θ^+ state which is expected to exist with about ∼ 50 MeV higher mass than the ground state, in agreement with the observation. A preliminary cross section estimate gives 5-12 nb for the low mass peak and 8-18 nb for the high mass peak. The above two peaks have been quoted also in [91].

CLAS has taken a large amount of data in 2004 which are now been analysed. First results have been quoted which confirm the previous θ^+ observations with new peaks in different channels, all near 1.55 GeV [92].

The ZEUS collaboration at DESY used e^+ p collisions at √ s=300-318 GeV and have observed a peak in the invariant mass pK^0_s (fig. 19, left) [26]. They have observed for the first time the θ^− state decaying in pK^0_s . They found m( θ^+ + θ^−) = 1527 ± 2 MeV, width 10 ± 2 MeV.

The NA49 experiment has also reported recently a preliminary result of a peak observed in the invariant mass pK^0_s in p+p reactions at √ s=17 GeV with mass 1526 ± 2 MeV and width below 15 MeV [93]. They have also reported a preliminary evidence that the θ^+ peak appears more pronouned after assuming θ^+ production through the decay of a resonance N^0(2400) → θ^+K^− [94] as suggested by CLAS [22] and discussed in [95, 96].

NOMAD has shown recently preliminary results on the observation of a θ^+ candidate peak in the pK^0_s invariant mass using their full statistics of νA interactions, with a mean energy of the ν beam of 24.3 GeV [28]. The mass observed is 1528.7 ± 2.5 MeV and the width is consistent with the experimental resolution of 9 MeV. GRAAL has shown preliminary results on the observation of a θ^+ candidate peak in the pK^0_s invariant mass in γd → θ^+Λ^0 → (K^0_s p)Λ^0 interactions, using γ energy of maximally 1.5 GeV [97]. The mass observed is 1531 MeV while no error is given.

Most of the experiments measure a θ^+ width consistent with the experimental resolution, while few of them give a measurement of width somewhat larger than their resolution namely Zeus and Hermes. A measurement with a much improved resolution would be important.

Non-observation of θ^+ in previous experiments lead to an estimate of its width to be of the order of 1 MeV or less [98]. This limit would gain in significance, once the θ^+ nonobservation by several experiments will be better understood, excluding other reasons for the θ^+ non-observation in the examined reactions.

Do the measured θ^+ masses vary as expected for a real state ? Figure 20 shows a compilation of the masses of θ^+ candidate peaks observed by several experiments. The statistical and systematic errors (when given) have been added in quadrature. For GRAAL we assume an error of 5 MeV as no error has been given in [97]. For the two preliminary peaks of CLAS we assume the systematic error of 10 MeV quoted previously by CLAS. The lines indicate the mean value of the mass among the θ^+ → pK^0_s and the θ^+ → nK^+ observations. It appears that the mass of θ^+ from θ^+ → nK^+ observations is systematically higher than the one from θ^+ → pK^0_s observations. This may be related to the special corrections needed for the Fermi motion and/or to details of the analysis with missing mass instead of direct measurement of the decay products.

All observations together give a mean mass of 1.533 ± 0.023 GeV and they deviate from their mean with a χ^2/DOF of 3.92. The χ^2/DOF for the deviation of the θ^+ → pK^0_s observations from their mean of 1.529 ± 0.011 GeV is 3.76. The χ^2/DOF for the deviation of the θ^+ → nK^+ observations from their mean of 1.540 ± 0.020 GeV is is 0.94.

The bad χ^2/DOF for the θ^+ → pK^0_s observations maybe due to an underestimation of the systematic errors. In particular in some cases no systematic errors are given, sometimes because the results are preliminary. If we add a systematic error of 0.5% of the measured mass (therefore of about 8 MeV) on all measurements for which no systematic error was given by the experiments, we arrive to a χ^2/DOF for the θ^+ → pK^0_s observations of 0.95 and a mean mass of 1.529 ± 0.022 GeV. The χ^2/DOF for the θ^+ → nK^+ observations almost don’t change by this, (mean mass = 1.540 ± 0.022 GeV, χ^2/DOF=0.91), because the experiments mostly give the systematic errors for this decay channel. All observations together give then a mean mass of 1.533 ± 0.031 GeV and they deviate from their mean with a χ^2/DOF of 2.1, reflecting mainly the difference of masses between the two considered decay channels. It is important to understand the origin of this discrepancy.

This problem can be studied measuring θ^+ → K^+n in experiments with direct detection of the neutron or the antineutron for the θ^− like PHENIX and GRAAL.

θ^{++} A preliminary peak is quoted by CLAS [91] for the candidate θ^{++} → pK^+ produced in the reaction γ p → θ^{++}K^− → pK^+K^− at 1579 ± 5 MeV. A previous peak observed by CLAS in the invariant mass pK^+ has been dismissed as due to ϕ and hyperon resonance reflexion [99].

The STAR collaboration quoted a preliminary peak in the pK^+ and pK^− invariant masses at 1.530 GeV, with S/ √ B ∼ 3.8 and width about 9 MeV, which is candidate for the θ^{++} → pK^+ as well as the antiparticle θ^{−−} → pK^− in d+Au collisions at √ s=200 GeV [100].

FIGURE 20. Compilation of measured θ^+ masses.

HERMES has reported the non-observation of a peak in the pK^+ invariant masses [24].

Ξ, N^0 The NA49 experiment has observed in p+p reactions at √ s=17 GeV the pentaquark candidates Ξ^{−−}(1862 ± 2MeV ) → Ξ^−π^−, the Ξ^0(1864 ± 5MeV ) → Ξ^−π^+ and their antiparticles [29]. They measure a width consistent with their resolution of about 18 MeV. They also observe preliminary results of the decay Ξ^−(1850) → Ξ^0(1530)π^− (fig. 21) with simarly narrow width as the other candidates [30]. The Ξ^{−−} is a candidate for the antidecuplet and the Ξ^0 too due to the small mass difference while it is unclear if the Ξ^−(1850) is from the octet or the antidecuplet. An observation of the Ξ I=1/2 from the octet in ΛK^0_s would answer this question. The non observation of a peak in the invariant mass Ξ^0(1530)π^+ is also an important information, as this decay channel is not allowed by SU(3) for the antidecuplet Ξ^+ [77].

The experiment STAR has shown preliminary results on a N^0 (udsds, udduu) or Ξ (udssd) I=1/2 candidate. The N^0 can be a mixture of the quark contents (udsds, udduu). STAR uses minimum bias Au+Au collisions at √ s=200 geV and observes a peak in the decay channel ΛK^0_s at a mass 1734 ± 0.5 (stat) ± 5 (syst) MeV (fig. 22) with width consistent with the experimental resolution of about 6 MeV and S/ √ B between 3 and 6 depending on the method used [32]. Extensive systematic studies have been performed, investigating particle missidentifications, split tracks and kinematic reflexions. They also observe signs of the known narrow states Ξ(1690) and Ξ(1820) with a lower significance. They don’t observe a peak near 1850 - 1860 MeV resulting from a Ξ^0 I=1/2 (octet) pentaquark state with the same mass as the Ξ^−(1850) of NA49, disfavouring the

FIGURE 21. Invariant mass Ξ^−π^−, Ξ^−π^+ and their anti-channels and their total sum measured by the NA49 collaboration.

FIGURE 22. Invariant mass ΛK^0_s measured by the STAR experiment. See text for explanations.

picture of degenerate octet and antidecuplet even though a low branching ratio to ΛK^0_s may not allow to observe the peak with the present statistics.

The GRAAL experiment has shown preliminary results on two narrow N^0 candidates. One candidate is observed at a mass of 1670 MeV in the invariant mass of ηn from the reaction γd → ηnX. The neutron has been directly detected. The other is observed at a mass of 1727 MeV in the invariant masses of ΛK^0_s as well as in the invariant masses of Σ^−K^+ at the same mass and with the same width [101]. The second reaction allow to establish the strange quark content and therefore to exclude the Ξ hypothesis. The difference of 7 MeV between the STAR and GRAAL measured masses of 1727 and 1734 MeV, should be compared to the systematic errors. STAR quotes a systematic error of 5 MeV while GRAAL quotes no systematic error.

The mass of the peaks at 1670 and at (1727,1734) MeV is in good agreement with the N masses suggested by Arndt et al [102]. In this paper a modified Partial Wave analysis allows to search for narrow states and presents two candidate N masses, 1680 and/or 1730 MeV with width below 30 MeV.

While the above mentioned narrow N^0 candidates of mass 1670 and 1727-1734 MeV fit well into the picture of the expected N and N_s pentaquark candidates, they can also be something else than pentaquarks, e.g. a new N^0=udd resonance, or a uddgg state. This statement is true for all non-exotic pentaquark candidates.

θ^0_c The H1 collaboration at DESY used e^− p collisions at √ s=300 and 320 GeV and have observed a peak in the invariant masses D^{∗−} p and D^{∗+} p (fig. 19, right) at a mass 3099 ± 3 (stat) ± 5 (syst) MeV and width of 12 ± 3 MeV [31]. The probability that the peak is a background fluctuation is less than 4 10^{−8}. Extensive systematic studies have been performed. The momentum distribution of the signal is as expected for a particle at this mass. This peak is a candidate for the state θ^0_c = uuddc and is the first charmed pentaquark candidate seen. The mass and width of the particle and it’s antiparticle are consistent.

Non-observations Several experiments have reported preliminary results on the non-observation of pentaquarks e.g. e^+e^−: Babar, Belle, Bes, LEP experiments, pp: CDF, D0 pA:E690, eA: HERA-B, ep: Zeus (for the θ^0_c ) [103].

It has been argued that the non-observation of pentaquark states in the above experiments is due to an additional strong suppression factor for pentaquark production in e + e^− collisions, as well as in B decays which is lifted in reactions like γA in which ss and a baryon are present in the initial state [95]. The constituents of the θ^+ are already present in the initial state of e.g. low energy photoproduction experiments, while in other experiments baryon number and strangeness must be created from gluons [95]. The penalty for their production could be estimated from data e.g. d/p ratios [95]. It is important to try to assess the expected cross sections [104].

The CDF (pp) and E690 (pA) non observation of pentaquarks can be a consequence of the decrease of the pentaquark cross section with increasing energy [105, 106]. This depends however on the kinematic region considered, and it is suggested to look for pentaquarks in the central rapidity region [105, 106].

In addition, if the θ^+ is produced preferably through the decay of a new resonance N^0(2400) → θ^+K^− as suggested by CLAS and NA49 and as discussed in [95, 96], neglecting this aspect maybe a further cause of its non-observation in some experiments. Some authors point out the importance to exclude kinematic reflexions as reason behind the θ^+ peak [107]. This known source of systematic errors is investigated by the experiments which observe pentaquark candidates. Other authors discuss limits from the non observation of the Ξ(1860) peaks of NA49 by previous experiments [108]. These points are addressed while trying to explain the new non-observations of pentaquarks quoted above.

There were also rumors spread around in the physics community in particular e.g. a e^+e^− experiment has found that a certain error in the identification of particles can lead to a peak in the D^{∗−} p invariant mass near 3.1 GeV faking the θ^0_c candidate of H1. However H1 is aware of this fact and at which conditions it appears, and the fake peaks have been carefully excluded. This shows that it is important to document all findings and examine all evidence.

It can certainly happen that a systematic error can lead to a peak coinciding with the real one or the expected one, in which case it may be missinterpreted. Another example is PHENIX which presented a peak at 1.540 GeV in the nK^− invariant mass, candidate for the θ^− → nK^− which has been later understood to be due to a calibration error [109].

It is clear that a higher statistics is desirable in order to confirm the pentaquark observations reported so far, as well as more measurements and searches by other experiments. New data taken in 2004 and planned to be taken in 2005 will lead to enhancements in statistics of experiments up to a factor of 10 allowing to test the statistical significance and make more systematic studies. Experiments searching for pentaquarks should test also the production mechanisms proposed in the literature e.g. the θ^+ production through the N^0(2400) decay. For example Phenix could search for the final state θ^−K^+ or θ^−K^0_s demanding the invariant mass of θ^−K^0_s and θ^−K^+ to be in the range 2.3 to 2.5 GeV, and study the option to trigger online on this channel.

Furthermore, not only the observations of pentaquark candidates but also the nonobservations should be published and be well documented in order to facilitate a better understanding of the underline physics.

4. SUMMARY AND CONCLUSIONS

4.1. Strangeness

An enhancement in the strangeness to pion ratio has been observed in A+A collisions with respect to p+p and p+A collisions at the same energy. A spectacular enhancement has been measured especially in strange baryon and antibaryon production per participant nucleon (N) in A+A collisions at SPS and RHIC as compared to p+A collisions at the same energy. However this enhancement increases with decreasing energy, disqualifying it as QGP signature. This behaviour can be understood as due to the fact that at the same energy p+p , p+A and A+A collisions reach a different initial temperature (T ), energy density (ε_i) and μ_B, or deviate from equilibrium, rendering their comparison inadequate.

A new parameter adequate to compare strangeness in different colliding systems, the initial energy density (ε_i) has been introduced. This is the only parameter characterizing the initial state of the collisions which can be estimated from the data. We consider in the following only systems which agree with a grandcanonical describtion e.g. mainly central A+A collisions but also elementary collisions like pp collisions.

Studying the energy dependence of the total ss production through the strangeness suppression factor λ_s we find two dependences which overlapp each other. The one is the dependance of λ_s on μ_b. The other is the dependence of λ_s on T . After eliminating trivial sources of strangeness enhancement, like comparing systems with different μ_B and ε_i we arrive at a universal behaviour of λ_s in central A+A and particle (e.g. pp) collisions.

In particular λ_s at μ_B = 0 is simply following the temperature rising as a function of ε_i and saturating above ε_i ∼ 0.6-1 GeV/fm3. This is plausible, as λ_s is one of the particle ratios which enters the very determination of T, and is also strongly T dependant. It is more sensitive to μ_B as the T which is estimated through several ratios, some of them less sensitive to μ_B than the λ_s ratio.

Strangeness (and temperature) enhancement is therefore observed in a dramatic way for all systems reaching an ε_i greater than 0.6-1 GeV/fm3 as compared to all systems with smaller ε_i. This indicates the onset of the phase transition at 0.6-1 GeV/ f m^3 in agreement with the ε_i(crit) predicted by lattice QCD estimates. The latest fit to data gives ε_i(crit) ∼ 0.6 ± 0.2 ± 0.3 (syst) GeV/ f m^3. More data will allow for a more precise estimate of ε_i(crit).

Note that all above observations are made using hadrons with u,d,s quarks and their antiquarks. We therefore can speak about a light flavoured QGP. The outstanding feature of strangeness production taken together with light flavoured hadrons is that they allow to estimate the critical parameters, unlike hard probes like cc, bb states suppression, and jet quenching which may be setting in above T_c. Correlation of onsets seen in other features of light flavoured hadrons like flow [110], study of spectral characteristics [111], or fluctuations as a function of energy will enhance the accuracy of this estimate. On the other side, if one argues that the dramatic rise and saturation of T (and λ_s) after ε ∼ 0.6-1 GeV, has nothing to do with the QCD phase transition, also strangeness enhancement has nothing to do with the QCD phase transition.

It is an ongoing discussion in the literature what the saturation of the chemical freeze out T with increasing energy really means and especially why is the same for p+p and A+A collisions e.g. [61, 62, 63].

It is always taken for granted that no QCD phase transition can appear in a p+p system due to the small volume. What if the p+p system has infinite energy ? After which energy the initially colliding particle volumes plays no role anymore ?

Maybe it is not a completely unexpected feature, if the hadronization of any quark and gluon system into hadrons (e.g. jet hadronization), as well as the hadronic mass spectrum, do reflect the existance and value of the T_c of the QCD phase transition. A "QCD phase transition" in a high multiplicity pp collision ? [64] Along a hadronizing jet ? [65].

While qq produced in an elementary collision fly apart and cannot communicate with each other [62], the hadronization along each jet and the resulting particle yields may exhibit equilibrium features reflecting the T_c. Maybe it is the QCD vacuum itself which has a thermostat-like nature [62].

However, pp collisions, like A+A collisions too, need a centrality trigger to result in grandcanonical particle ratios e.g. at midrapidity.

How can a high multiplicity pp collision appear to be an equilibrated system? We elaborate on the consequences of quantum mechanical coherence for multiparticle production [62] [63].

High energy particle collisions should not be viewed as a classical billiard ball cascade. Interactions among particles and virtual particle exchange for a quantum mechanical coherent system may lead faster to equilibrium.

Figure 9, right, shows evidence of a universal behaviour of λ_s in both A+A and pp collisions. The same universality is seen for the temperature (fig. 14). One could make these plots and extract T_c using simply high multiplicity pp collisions ? This is to be proven. We see however already the same tendency in the N+N data in fig. 6, right, even if these data have not been tested against thermodynamic behaviour. Evidently, A+A collisions offer additional crucial means to learn about the QCD phase transition through phenomena like cc, bb suppression, jet quenching, flow effects, fluctuations etc. Flow of strange particles seem to agree with production through quark coalescence.

It appears that many open problems need to be clarified in order to arrive in a clear all encompassing picture of the QCD phase transition in nature. Future precision measurements of hadrons at RHIC and the LHC in both A+A and p+p collisions will considerably improve our understanding of strangeness and its role in the QCD phase transition. Questions about deviations from equilibrium will be better addressed through presence of precise and abundant data. RHIC and LHC data from A+A as well as p+p and p+A collisions, and low energy measurements around 30 A GeV Pb+Pb at SPS and the future GSI will be crucial for measuring the critical T with a high accuracy, possibly learn about the order of the transition and other characteristics and detect new critical phenomena like fluctuations.

4.2. Pentaquarks

The theoretical description of pentaquarks is advancing very rapidly, however it does not lead to a unique picture on the pentaquark existence and characteristics, reflecting the complexity of the subject. For example, different lattice calculations give very different results to the questions if pentaquarks exist and which mass and parity they have. The narrow width of θ^+ remains to be understood, as well as it’s production mechanism and √ s dependence. The revival of the question on pentaquark existence is however very recent, and a fast progress is expected from both theory and experiment in the near future.

Many experiments observed the θ^+ (uudds) peak in different reactions and energies and in two decay channels namely into nK^+ and into pK^0_s . The systematic errors of each channel differ as well as the backgrounds. The mass of θ^+ from nK^+ measurements is systematically higher than the mass from pK^0_s , which may be due to Fermi-motion corrections and the details of missing mass analysis as compared to direct measurements. If we add a systematic error of 0.5% of the measured mass (therefore of about 8 MeV) on all measurements for which no systematic error was given by the experiments, we find that the θ^+ mass from θ^+ → pK^0_s deviate from their mean mass of 1.529 ± 0.022 GeV with a χ^2/DOF of 0.95. The θ^+ mass from θ^+ → nK^+ for which the systematic errors are given, gives a mean mass of 1.540 ± 0.022 GeV and a χ^2/DOF=0.91. All observations together give a mean θ^+ mass of 1.533 ± 0.031 GeV and they deviate from their mean with a χ^2/DOF of 2.1, reflecting mainly the difference of masses between the two considered decay channels. It is important to understand the origin of this discrepancy.

The largest individual S/ √ B was 7.8. This suggests that an increase of significance is needed to make this result more reliable. New data taken by the CLAS and LEPS experiments in 2004, confirm in a preliminary analysis the θ^+ peak, suggesting that the hypothesis of a statistical fluctuation is not probable. The possibility of systematic errors need to be excluded.

Neutrino experiments (which have seen the θ^+) due to their full acceptance and the clean reaction should be more free of bias of the type of kinematic reflexions than restricted acceptance and/or high multiplicity experiments.

The antiparticle θ^− has also been observed with mass and width consistent with the θ^+ peak by Zeus.

Most of the experiments measure a θ^+ width consistent with the experimental resolution, while few of them give a measurement of width somewhat larger than their resolution namely Zeus and Hermes. A measurement with a much improved resolution would be important. Non-observation of θ^+ in previously taken experimental data lead to an estimate of its width to be of the order of 1 MeV or less [98]. This limit would gain in significance, once the θ^+ non-observation by several experiments will be better understood.

Preliminary CLAS results exhibit a second peak in the nK^+ spectrum suggesting an excited state of θ^+. In addition, there is evidence that the θ^+ is preferably produced by the decay of a new resonance N^0(2400). There are also preliminary hints for a peak in the pK^+ and pK^− invariant masses by STAR and CLAS, however at a different mass of 1.53 and 1.57 GeV.

The NA49 experiment observed narrow candidates for the Ξ^{−−}(1860) (ddssu), Ξ^0(1860) (uussu) and Ξ^−(1850) (dssuu) pentaquarks and for the antiparticles of the first two. A detailed discussion of θ^+ and the Ξ^{−−} (called ϕ (1860)) have been added recently in the Review of Particle Physics under exotic baryons [14]. It is entitled θ^+, a possible exotic baryon resonance and has three stars. The mass of the Ξ(1860) is in agreement with the most recent estimates of the chiral soliton model unlike earlier work [79].

The H1 experiment has observed a candidate for the first charmed pentaquark the θ^0_c (3099) (uuddc) with width of 12 ± 3 MeV and it’s antiparticle. The mass and width of the particle and it’s antiparticle are consistent.

The STAR experiment has observed a N^0 (udsds, udduu) or Ξ (udssd) I=1/2 candidate with mass 1734 MeV in Au+Au reactions at √ s=200 GeV in the ΛK^0_s invariant mass, and width consistent with the experimental resolution of about 6 MeV. The GRAAL experiment has reported two narrow candidates for N pentaquarks namely at 1670 in the ηn invariant mass and at 1727 MeV in the ΛK^0_s and the Σ^−K^+ invariant masses. The observation of the 1727 MeV peak in two decay channels with same mass and width, reduces considerably the probability that the peak is due to a kinematic reflexion or other systematic error, as the sources of systematic errors and the background is different for the two decay channels studied. The mass of the peaks at 1670 and (1734, 1727) MeV are in good agreement with the N mass of ∼ 1670, 1730 MeV suggested by a modified partial wave analysis of old data by Arndt et al [102].

Furthermore, several high statistics experiments report the non-observation of pentaquark states in particular inclusive studies of e^+e^− collisions, B decays, and inclusive high energy pp and pA reactions. Recent publications discuss problems like e.g. the non-observation of these peaks by previous experiments [108] and the possibility that the observed peaks are kinematic reflections e.g. [107]. This source of systematic errors is investigated by the experiments which observe pentaquark candidates. As nonobservations are concerned the characteristics of the θ^+ production mechanism may be one reason why this state has not been observed in a number of experiments [95, 96]. Non-observations in high statistics e^+e^− experiments in B decays and high energy pp, pA experiments, may be due to pentaquark cross section suppression in e^+e^− reactions as well as at high energy [105, 106]. The increase in statistics planned by several experiments will allow to test the current observations with a much better significance and will allow also a better study of systematic errors, as well as a measurement of pentaquark characteristics like the parity and the spin. Furthermore, not only the observations of pentaquark candidates but also the non-observations should be published in order to facilitate a better understanding of the underline physics.

ACKNOWLEDGMENTS

I wish to thank the organizers of the workshop for their invitation, for the excellent organization, the high scientific quality and the pleasant and fruitfull atmosphere of this unique workshop. I would like to thank Prof. M. Chiapparini for his help for the preparation of the proceedings. Furthermore, I wish to thank Prof. T. Kodama and Prof. P. Minkowski for fruitfull discussions.

REFERENCES

1. F. Karsch, Lect. Notes Phys. 583 (2002), 209., hep-lat/0106019. 2. Cern press release, March 2000. U. Heinz, M. Jacob, nucl-th/0002042.

3. BNL press release, June 2000. STAR Collaboration, Phys. Rev. Lett. 91 (2003) 072304, nucl-ex/0306024. PHENIX Collaboration, Phys. Rev. Lett. 91 (2003) 072303, nucl-ex/0306021. PHOBOS Collaboration, Phys. Rev. Lett. 91 (2003) 072302, nucl-ex/0306025. BRAHMS Collaboration, Phys. Rev. Lett. 91, (2003) 072305, nucl-ex/0307003.

4. M. C. Abreu et al., NA50 coll., Phys. Lett. B 477 (2000) 28 5. H. Satz, T. Matsui, Phys. Lett. B 178 (1986), 416. H. Satz, Rept. Prog. Phys. 63 (2000) 1511.

6. H. Satz, Nucl. Phys. A 715, (2003), 3, hep-ph/0209181.

7. L. Van Hove, Phys. Lett. B 118 (1982) 138. H. Stocker et al., LBL preprint LBL-12971, (1981). 8. E. Fermi, Prog. Theor. Phys. 5, (1950), 570. L. D. Landau, Izv. akad. Nauk SSSR, ser. Fiz. 17, (1953), 51. 9. P. Braun Munzinger et al, Phys. Lett. B 365 (1996) 1. P. Braun Munzinger et al, Phys. Lett. B 344 (1995) 43.

10. S. Kabana, P. Minkowski, New J. of Phys. 3 (2001), 4, hep-ph/0010247.

S. Kabana, Contribution to the 36th Rencontres de Moriond on QCD and Hadronic Interactions, Les Arcs, 17-24 March, 2001, hep-ph/0105152.

11. J. Cleymans et al, J. Phys. G 28 (2002), 1575. H. Oeschler et al, Pramana 60, (2002), 1039. F Becattini et al, Phys. Rev. C 64, (2001), 024901.

12. J Rafelski, G. Torrieri, Phys. Rev. C 68, (2003), 034912. Ch Markert et al., STAR coll., nucl-ex/0404003.

13. R Jaffe, F. Wilczek, Phys. World 17, (2004), 25.

K. Hicks, hep-ph/0408001. S.L. Zhu, hep-ph/0406204.

14. K. Hagiwara et al., Phys. Rev. D 66 (2002) 010001.

S. Eidelman et al., (Particle Data Group), Phys. Lett. B 592, 1 (2004).

15. H. Walliser, Nucl. Phys. A 548 (1984) 649. A. Manohar, Nucl. Phys. B 248 (1984) 19. H. J. Lipkin, Phys. Lett. 45 B, (1973), 267. R. L. Jaffe, K. Johnson, Phys. Lett. B 60, (1976), 201. R. Jaffe, talk given in the topological conference on Baryon Resonances, Oxford July 5-9, 1976, Oxford Top. Conf. 1976, p. 455.

16. M Preszalowicz, World Scientific (1987) 112, hep-ph/0308114. 17. D. Diakonov, M. Polyakov, V. Petrov, Z. Phys. C 359 (1997) 305. 18. M. Aguilar-Benitez et al., (Particle Data Group), Phys. Lett. B 170, (1986), 289. 19. LEPS Collaboration, (T. Nakano et al.), Phys. Rev. Lett. 91 (2003) 012002, hep-ex/0301020. 20. CLAS Collaboration, (S. Stepanyan et al.), Phys. Rev. Lett. 91, (2003) 252001. 21. SAPHIR Collaboration, (J. Barth et al.), Phys. Lett. B 572, (2003) 127, hep-ex/0307083. 22. CLAS Collaboration, (V. Kubarovsky et al.), Phys. Rev. Lett. 92, (2004) 032001, hep-ex/0311046. 23. DIANA Collaboration, (V. Barmin et al), Phys. Atom. Nucl. 66, (2003) 1715, and Yad. Fiz. 66, (2003), 1763, hep-ex/0304040.

24. HERMES Collaboration, Phys. Lett. B 585, (2004), 213, [hep-ex/0312044]. 25. A. E. Asratyan et al., Phys. Atom. Nucl. 67, (2004), 682, Yad. Fiz. 67, (2004) 704, hep-ex/0309042. 26. ZEUS Collaboration, Phys. Lett. B 591, (2004), 7, [hep-ex/0403051]. 27. COSY-TOF Collaboration, Phys. Lett. B 595, (2004), 127, hep-ex/0403011. 28. L. Camilleri, NOMAD Collaboration, contribution to the ’21st International Conference on Neutrino Physics and Astrophysics’, Paris, 14-19 June, 2004.

29. NA49 Collaboration, (C. Alt et al.), Phys. Rev. Lett. 92 (2004) 042003.

30. K. Kadija, talk presented in the Pentaquark 2003 Workshop, Jefferson Lab, November 6-8, 2003, Virginia, USA.

31. H1 Collaboration, A. Aktas et al., accepted for publication in Phys. Lett. B, hep-ex/0403017. 32. S. Kabana et al, STAR Coll., Proceedings of the 20th Winter Workshop in Nuclear Dynamics, Jamaica, March 2004, hep-ex/0406032.

33. J. Rafelski, Phys. Rep. 88 (1982) 331, J. Rafelski, B. Mueller, Phys. Rev. Lett. 48 (1982) 1066. P.

Koch et al., Phys. Rep. 142, (1986), 167.

34. E866 and E917 collaborations, Phys. Lett. B 490, (2000), 53. 35. J. Bartke et al., NA35 Coll., Z. Phys. C 48, (1990), 191. 36. T. Alber et al., NA35 Collaboration, Z. Phys. C 64, (1994), 195.

J. Bächler et al., Z. Phys. C 58 (1993) 367.

A. Andrighetto et al., WA85 and WA94 coll., J. Phys. G 25, 91999), 209. F. Antinori et al., WA97 coll., Nucl. Phys. A 663, (2000), 717. T. Anticic et al., NA49 Coll., Phys. Rev. Lett. 93, (2004), 022302. J. Adams et al., STAR Collaboration, Phys. Rev. Lett. 92, (2004), 182301. G. Ambrosini et al., NA52 Collaboration, New J. of Phys. 1, (1999), 22.

S. Kabana et al., NA52 Collaboration, Nucl. Phys. A661, (1999), 370, and J. Phys. G 27, (2001), 495, hep-ex/0010053.

F. Antinori et al., Phys. Lett. B 595, (2004), 68.

37. G. Bruno et al., NA57 Coll., Proceedings of the QM2004, nucl-ex/0403036. 38. P. Chung et al., E895 coll., Phys. Rev. Lett. 91 (2003) 202301. 39. F Antinori, proceedings of QM2004.

40. D. Elia et al., NA57 Coll., Proceedings of the QM2004. 41. M. Murray et al., BRAHMS Coll., Proceedings of QM2004. 42. S. Kabana, New J. of Physics, Vol. 3, (2001), 16, hep-ph/0004138. 43. A Tounsi et al., Nucl. Phys. A 715, (2003), 565. 44. H. Caines, STAR coll., proceedings of QM2004.

R. Bellwied, STAR coll., proceedings of SQM2004.

45. J. Ogilvie J. Dunlop, Phys. Rev. C 61, (2000), 031901, nucl-th/9911015. 46. M. Gazdzicki, D. Roehrich, Z. Phys. C 65, (1995), 215 and Z. Phys. C 71, (1996), 55. 47. M. Gazdzicki, M. Gorenstein, Acta Phys. Pol. B30 (1999) 2705. 48. NA49 Coll., proceedings of QM2004. 49. H. Stoecker, contribution to these proceedings. 50. S. Kabana, Eur. Phys. J. C 21, (2001), 545, hep-ph/0104001. 51. A. Wrowlewski, Acta Physica Polonica B16 (1985) 379. 52. P. Braun-Munzinger et al, Nucl. Phys. A 697 (2002) 902, hep-ph/0106066. 53. J. Cleymans, K. Redlich, Phys. Rev. Lett. 81 (1998) 5284, hep-ph/9808030. 54. J. Manninen et al., nucl-th/0405015. 55. F Becattini, J. Phys. G 28, (2002), 1553.

56. J. Rafelski, J. Letessier, Acta Phys. Polon. B 34 (2003), 5791, hep-th/0309030.

J. Rafelski, contribution to these proceedings. 57. F. Karsch J. Phys. G 30 (2004) S887.

58. C. Hoehne et al., NA49 Collaboration, Nucl. Phys. A 715 (2003) 474, nucl-ex/0209018. 59. S. Kabana, J. Phys. G 27, (2001), 497, hep-ph/0010228. S. Kabana, hep-ph/0010246.

S. Kabana, Proceedings of the 31st International Symposium on Multiparticle Dynamics, Datong, 2001, hep-ph/0111394.

60. S. Kabana, Proceedings of the 5th International Conference on the ’Quark confinement and the hadron spectrum’, Gargnano, Garda Lake, Italy, 10-14 September 2002.

61. Ph. Blanchard et al, hep-th/0401103.

62. Y. Dokshitzer, theoretical summary of Rencontres de Moriond QCD, March 2001.

http://moriond.in2p3.fr/QCD/2001/indexp.html 63. R. Stock, hep-ph/0312039.

64. T. Alexopoulos et al., E735 Collaboration, Phys. Lett. B 528, (2002), 43.

L. Gutay et al., E735 Collaboration, eConf C030626: FRAP20, 2003, hep-ex/0309036. 65. P. Minkowski et al., contribution to the 30th Intern. Conference on High-Energy Physics (ICHEP 2000), Osaka, 27 July - 2 Aug. 2000, hep-ph/0011040.

66. A. Keranen et al., J. Phys. G 28, (2002), 2041. 67. F. M. Liu et al., hep-ph/0307204.

68. D. Jouan et al., NA50 coll., J. Phys. G 30, (2004), S277.

69. D. Kotchetkov et al., Phenix Coll., Proceedings of QM2004, nucl-ex/0406001. 70. A. Marin et al., CERES Coll., Proceedings of QM2004, nucl-ex/0406007. 71. R. Arnaldi et al., NA60 Coll., Proceedings of the 39th Rencontres de Moriond on QCD, 2004, hep-ex/0406054.

72. J. Adams et al., STAR Coll., nucl-ex/0406003.

73. A Rybicki et al. , NA49 collaboration, proceedings of QM2004. 74. K. Schweda et al., STAR Coll., Proceedings of QM2004, nucl-ex/0403032. 75. R. D. Matheus et al, Phys. Lett. B 578, (2004), 323, hep-ph/0309001.

R. D. Matheus et al, hep-ph/0406246.

76. R. L. Jaffe, F. Wilczek, Phys. Rev. Lett. 91 (2003) 232003, hep-ph/0307341. 77. R. L. Jaffe, F. Wilczek, Phys. Rev. D 69, (2004) 114017, hep-ph/0312369. 78. D. Diakonov, V. Petrov, [hep-ph/0310212]. 79. J. Ellis et al, JHEP 0405:002, 2004, hep-ph/0401127. 80. V. Guzey, Phys. Rev. C69, (2004), 065203, hep-ph/0402060. 81. Fl Stancu, hep-ph/0408042.

82. L. Ya. Glozman, Phys. Lett. B 575, (2003) 18, hep-ph/0308232.

83. M. Bleicher et al., Phys. Lett. B 595, (2004), 595. J. Letessier et al., Phys. Rev. C 68, (2003), 061901.

F. M. Liu et al, hep-ph/0404156. F. Csikor et al., hep-lat/0407033. 84. F. M. Liu et al, Phys. Lett. B 597, (2004), 333, hep-ph/0404156. 85. M. Karliner, H. Lipkin, Phys. Lett. B 575, 2004, 249, hep-ph/0402260. 86. M. Karliner, H. Lipkin, Phys. Lett. B 594, (2004), 273, hep-ph/0402008. 87. H. Weigel, Eur. Phys. J. A 21, (2004), 133.

88. T. Nakano, LEPS Collaboration, contribution to the conference Pentaquarks 2004, Spring-8, July 20, 2004. http://www.rcnp.osaka-u.ac.jp∼penta04/talk/program_new.html 89. K. Hicks, contribution to the conference Pentaquarks 2004, Spring-8, July 20, 2004. 90. M. Battaglieri, CLAS Collaboration, contribution to the workshop Pentaquarks, Trento, 10-12 February, 2004. http://www.tp2.ruhr-uni-bochum.de/talks/trento04/ 91. M. Battaglieri, CLAS Collaboration, contribution to the conference Pentaquarks 2004, Spring-8, July 20, 2004.

92. S. Niccolai, CLAS Collaboration, contribution to the conference Pentaquarks 2004, Spring-8, July 20, 2004.

93. K. Kadija, NA49 Collaboration, contribution to the conference Pentaquarks 2004, Spring-8, July 20, 2004.

94. D. Barna et al, NA49 Collaboration, 3d Budapest winter school on heavy ion physics, 2003, http://www.hef.kun.nl∼novakt/school03/ 95. M. Karliner,H. Lipkin, Phys. Lett. B 597, (2004), 309, hep-ph/0405002. 96. Y. I. Azimov, I. I. Strakovsky, hep-ph/0406312.

97. C. Schaerf et al., GRAAL collaboration, contribution to the conference Pentaquarks 2004, Spring-8, July 20, 2004.

98. R. A. Arndt et al., Phys. Rev. C 68, (2003), 042201, nucl-th/0308012. 99. H. G. Juengst, CLAS Collaboration, nucl-ex/0312019.

100. J. Ma, APS meeting, 5 Jan. 2004. S. Kabana, RHIC and AGS user’s meeting, BNL, 10-15 July 2004. 101. V. Kouznetsov et al, GRAAL Collaboration, contribution to the workshop Pentaquarks, Trento, 10- 12 February, 2004. http://www.tp2.ruhr-uni-bochum.de/talks/trento04/ 102. R. A. Arndt et al., Phys. Rev. C69 (2004) 035208, hep-ph/0312126.

103. BABAR Collaboration, Contributions to the Intern. Conference on High Energy Physics (ICHEP 2004), Beijing, 16-22 August 2004, hep-ex/0408037 and hep-ex/0408064. I. Abt et al., HERA-B Collaboration, hep-ex/0408048.

T. Wengler et al., LEP results (Aleph, Delphi, L3, Opal), Contribution to the Intern. Conference 39th Rencontres de Moriond on QCD and High-Energy hadronic interactions, 28 March-4 April 2004, La Thuile, hep-ex/0405080.

I. Gorelov et al., CDF Collaboration, hep-ex/0408025.

B. T. Huffman et al, D0 Collaboration, Fermilab-Conf-04/074-E, June 2004. R. Mizuk, Belle Collaboration, contribution to the conference Pentaquarks 2004, Spring-8, July 20, 2004.

E. Gottschalk et al, E690 Collaboration, contribution to the conference Pentaquarks 2004, Spring-8, July 20, 2004.

104. S. Armstrong et al., hep-ph/0312344. 105. D. Diakonov, hep-ph/0406043. 106. A. Titov at al, nucl-th/0408001.

107. A. R. Dzierba et al., Phys. Rev. D 69, (2004), 051901, hep-ph/0311125. 108. H. G. Fischer, S. Wenig, hep-ex/0401014.

109. C. Pinkenburg et al., Phenix Collaboration, Contribution to the Intern. Conference ’Quark Matter 2004’, Jan. 2004, nucl-ex/0404001.

110. H Stoecker, these proceedings.

111. Y. Hama et al., Acta Phys. Pol. 35 , (2004) 179.