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GROWTH POINTS OF NUCLEAR PHYSICS �Amand FaesslerInstitut für Theoretishe Physik, Universität TübingenAuf der Morgenstelle 14, 72076 Tübingen, Germany(Reeived January 4, 2002)The XXVII. Mazurian Lakes Shool of Physis was mainly devoted tofour di�erent topis:(i) Medium modi�ations of the nuleon�nuleon interation and the nu-leon�nuleon ross-setion, medium dependene of hadrons massesand the equation of state of nulear matter studied in heavy ion ol-lisions.(ii) Nulear astrophysis with a speial emphasis on osmi ray's.(iii) New developments in neutrino physis.(iv) Future plans for the GSI in Darmstadt and the �rst results from RHICin Brookhaven.I have to exuse, but I will due to time reasons not summarise theshorter evening seminars and I will only shortly mention the talks of thisSaturday morning.PACS numbers: 14.60.Pq, 96.40.�z, 25.75.�q, 26.50.+x1. In-medium modi�ations of the nuleon�nuleon interationand the nulear Equation Of State (EOS)Under this heading one an summarize the talks of Paweª Danielewizabout the in-medium modi�ations of the nuleon-nuleon interation andthe e�etive nuleon mass, the talk of Willi Reisdorf about the proton �uxin heavy ion reation measured by FOPI at GSI, the talk of Wim Dik-ho� about dressed single partile states and the equation of state, the talkof Hermann Wolter about the isospin dependene of the equation of stateand about isospin destilation, the talk of Wolfram von Oertzen about thedensity dependene of the nuleon�nuleon interation and the equationof state determined by the ollision between two 16O nulei, the talk of� Summary presented at the XXVII Mazurian Lakes Shool of Physis, Krzy»e, Poland,September 2�9, 2001. (527)



528 A. FaesslerBogusªaw Zwi�gli«ski about the liquid-gas phase transition, the talk of BrueBarett about no ore shell model alulations for light nulei and the e�e-tive nuleon�nuleon interation and �nally the talk of Peter Butler on newexperimental results on properties of heavy nulei like Nobelium 254.Paweª Danielewiz from the Mihigan State University reminded us oftwo well-known fats:(i) The nuleon�nuleon interation and by that also the nuleon�nuleonross-setion is smaller in nulear matter than in the vauum. This isdue to Pauli bloking of the intermediate states, when one is summingup the ladder diagrams to determine the e�etive nuleon�nuleoninteration. This means that the meanfree path for nuleons in nulearmatter is larger.(ii) The e�etive mass of the nuleons are redued in nulear matter.Around saturation density �0 = 0:17 nuleons=fm3 one expets:m�N (�0) � 0:7mfreeN (1)by the redution of the e�etive mass the veloity of the nuleons isinreasing for the same momentum.He disussed observables to see in heavy ion ollisions these two e�ets.His answer was the azimuthal (angle �) fousing of the proton �ux. As therelevant observable, he de�ned the azimuthal asymmetry:RN = N(90Æ) +N(270Æ)N(0Æ) +N(180Æ) : (2)The azimuthal angle � = 0Æ and � = 180Æ are in the reation plane whileN(90Æ) and N(270Æ) give the number of protons squeezed out perpendiularto the reation plane.He onsidered the reation Bi on Bi with 400 MeV per nuleon andsimulated this heavy ion reation with his Boltzmann�Uehling�Uhlenbekode.What does one expet: The redution of the nuleon�nuleon interationinreases the mean-free path of the hot protons from the �reball through thetwo spetators and by that the asymmetry RN should be redued espeiallyfor protons with high momenta perpendiular to the beam diretion. Theredution of the e�etive mass m� is inreasing the veloity of the protonswhih try to esape from the �re ball. Due to their inreased speed, they tryto esape while the projetile and the target spetators are still shadowingthe �reball. By that the azimuthal asymmetry is inreasing.



Growth Points of Nulear Physis 529Paweª Danielewiz found in his simulations of the Bi�Bi heavy ion rea-tion exatly this behaviour. To get agreement with the data from KAOS hehad to derease the mass of the nuleon by a fator 0.7 as expeted and hehad slightly only to derease the in-medium nuleon�nuleon ross-setionompared to the free one. Presently the derease of the e�etive mass andthe derease of the free nuleon�nuleon ross-setion in nulear matter are�ts to the data. Bruekner alulation or investigations within the Walekamodel should be able to derive from �rst priniples these redutions.Peter Senger from the KAOS ollaboration at GSI used also the az-imuthal fousing, but for K+ mesons and not for protons.Figure 1 shows that the interation of K+ mesons is repulsive in nu-lear matter and thus the e�etive mass is inreasing as a funtion of thenulear matter density. We expet therefore that the azimuthal asymmetryis inreasing if one inludes this repulsive e�et.
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Fig. 1. The e�etive masses of K+ and K� mesons as a funtion of density innulear matter as predited by several K�nuleon interation models.Figure 2 shows the data from the KAOS ollaboration ompared withalulations from the Tuebingen group. Without inluding the repulsiveK+-nuleon potential, one obtains a rather �at urve whih annot desribethe data while the inlusion of the Kaon nuleon interation gives a muhlarger asymmetry (maxima at � = 90Æ and � = �90Æ = 270Æ).Wim Dikho� spoke about dressed single partile states and the nulearequation of state EOS. Figure 3 shows the energy per nuleon as a fun-tion of the Fermi momentum whih is losely onneted with the density ofnulear matter. A typial Bruekner�Hartree�Fok alulation misses theexperimental point given in �gure 3. Di�erent realisti nuleon�nuleon in-terations give values on the Coester band, whih misses the experimentalvalue. In the last 20 years di�erent groups tried to reprodue the orretexperimental saturation density and binding energy by inluding density de-
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Fig. 2. Azimuthal distribution of the K+ mesons in a An + AnE = 1AGeV semi-entral reation. The blakdots are the experimental data from Kaos. the irlesonneted by a solid line are the theoretial QMD results of the Tuebingen groupwith the K+� nuleus potential, while the squares are QMD results without a K+�nuleus potential.
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Fig. 3. Energy per nuleon as a funtion of the Fermi momentum kF = h 3�22 �i1=3.The saturation value from heavy nulei is kF = 1:33 fm�1. The binding energy pernuleon in nulear matter E=A � �16 MeV is extrated from the Weizsäker massformula.



Growth Points of Nulear Physis 531pendene in the nuleon�nuleon interation and relativisti e�ets. It seemspossible espeially by areful inlusion of relativisti e�ets to desribe or-retly the experimental point in �gure three. Wim Dikho� went an otherway. He pointed out that the notion of single partile states, for example ina Bruekner�Hartree�Fok alulation does not orrespond to experiment.Single partile states are dressed by partile hole exitations due to shortrange and long range orrelations.He dressed the single partile states by the short range orrelations asshown in �gure 4 by solving the Dyson equation for dressed partiles andby obtaining the e�etive interation due to the solution of a generalisedBethe�Goldstone equation with dressed partiles. He alulated the totalbinding energy at kF = 1:36 and kF = 1:45 fm�1. At the Fermi momentumkF = 1:36 fm�1 he obtained a good agreement with the experimental valuein �gure 3. The binding energy per nuleon at kF = 1:45 fm�1 lies higher ifinluded in �gure 3 and thus indiates saturation in the diretion to higherdensities. One naturally would like to have also a point at a density belowthe saturation density kF �= 1:33 fm�1 to see that one is indeed reahing theminimum at the right plae. Further questions are inlusion of relativistie�ets and inlusion of Delta and pioni degrees of freedom. He gave somequalitative hints that these e�ets should not be important in �nite nulei,but one must show it by inluding them into the alulation.

QFig. 4. Dyson equation and the generalised Bethe�Goldstone equation for dressedpartiles. The solution of the Dyson equation for dressing the partiles needs thee�etive interation, whih needs to know the struture of the dressed partiles(double selfonsisteny).



532 A. FaesslerHermann Wolter studied in his talk the isospin dependene of the equa-tion of state of nulear matter. It is well-known that the pure neutron matterdoes not lead to a �nal stable nuleus. Neutron stars are only stable due tothe large attrative gravitational fore. He also investigated what happensif the density of nulear matter is getting smaller: like with water one doesnot obtain a liquid with half the density, but the liquid is forming droplets.Nulear matter is fragmenting, one speaks of the sinodal instability. If theneutron number is larger than the proton number, the formation of dropletsleads to an isospin frationisation. During the fragmentation of suh asym-metri nulear matte, one forms droplets of about the saturation densitywith an almost equal number of protons and neutrons. In this way onegains the largest binding energy. The remaining neutrons form a very lowdensity neutron gas. This �isospin destillation� minimizes the total energy.Hermann Wolter showed that in the highly asymmetri ollision of Sn124on Sn124 with Z=N = 50=64 �= 0:78 one formed fragments with Z=N ap-proahing unity and free neutrons.The biggest isospin distillation happened during the nuleosynthesis inthe big bang. After the temperature was redued to below the binding energyof the deuteron, the weak interation had produed due to the heavier massof the neutrons about 7 times as many protons than neutrons. Thus for eah14 protons one had 2 neutrons. Due to isospin distillation 2 neutrons and2 protons formed 4He and 12 protons remained in a low-density proton gas.In this way 75 % of the hadron masses was in the form of protons and lateras hydrogen and 15 % in the form of helium.2. Nulear astrophysis (osmi rays)In this �eld one an summarise the talk of Hendrik Shatz about X-raybursts. He desribed the system of a binary star, where one is a neutronstar in an aretion disk, where the large star pours hydrogen and heliumgas into the dis, whih due to internal frition is then ontinuously fallingonto the surfae of the neutron star. This leads to a sequene of protonapture reations on and near the surfae of the neutron star, whih formneutron rih nulei. To understand quantitatively what happens, one hasto measure in the laboratory proton reations on proton rih radioativenulei. He proposed that this is done in inverse kinematis using proton rihradioative beams on a proton target.Mihael Hass studied the reation7Be (p; ) 8B (3)



Growth Points of Nulear Physis 533whih is responsible for the relative intensity of the 7Be neutrinos in twodisrete lines at 860 and 380 keV and the 8B neutrinos whih are ontainedin a ontinuum up to 14.6 Mev.7Be + e� ! 7Li + �e (860 + 380keV) ;7Be + p ! 8B +  ;8Be ! 8Be + e� + �e : (4)Heinigerd Rebel, Iliana Branus and Tadeusz Wibig reported about osmirays.Zbigniew Wªodarzyk spoke about strangelets whih ould be andidatesfor the extreme high energy events of osmi rays.Eri Sheldon gave in his talk a very nie summary about the status ofthe determination of Hubble onstant and due to time onstraints he ouldonly shortly indiate new results about Nuleohronology.Heinigerd Rebel reported results from the KASKADE ollaboration inKarlsruhe under the title: �Anatomy of the knee�.The intensity of the osmi radiation per unit energy interval is fallingo� by a power law E�2:7 up to an energy of about 5 � 106 GeV. Abovethis energy it is falling steeper with E�3 up to the so alled angle around5 � 109 GeV. The most energy rih events of osmi radiations have beenmeasured around 3� 1020 eV to 3� 1011 GeV by the AGASA ollaborationin Akeno.The main result of KASKADE as reported by Heinigerd Rebel is, thatthe knee is due to the light (mainly proton) omponent in the osmi ra-diation, while the heavy (iron) omponent does not show a knee. This isexplained by the fat that protons have at the same energy, but a largerspeed than Fe and thus an esape above the knee from our galaxy. Espe-ially hard to understand are the highest energies of osmi ray events around3�1020 eV. Suh events are extremely seldom, but they exist. Events around1019 eV our at a rate of one per km2 per year. At energies higher thanabout 5� 1019 eV photons in the osmi bakground radiation (2.7 Kelvin)have in the rest frame of the proton an energy above 300 MeV. Thus theollision with these high energy protons an produe pions. In this way thehigh energy protons should lose energy. The ritial energy is the Greisen�Satsepin ut-o� at around 5� 1019 eV. Above this energy high energy pro-tons should not exist for longer distanes. They have a mean free path ofabout 50 Mega-Parse. In this surrounding of our galaxy we do not seesoures whih ould produe suh high energy protons. If the protons an-not be aelerated to this high energies by objets in our surrounding (up to50 Mega-Parse) then one an speulate if these extreme high energy eventsome from partiles whih deay in our solar system and originate still from



534 A. Faesslerthe big bang: Monopoles, Neutralinos, Strings, Wimps, other Dark MatterPartiles and Strangelets have been disussed.The Karlsruhe group is involved in building a large array of 3 000 km2in Argentina to study osmi ray events with energies above 1020 eV. This�Auger� array will yield more information about the Greisen�Satsepinut-o�.
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Fig. 5. Diagram ontributing to the CP violation in the K0 deay. The matrixelements Vis and Vid must be omplex in the Cabbibo�Kobayashi�Maskawamatrixto have CP violation.Zbigniew Wªodarzyk speulated in his talk about strangelets. Nulearmatter is for example only stable if we have about the same number ofprotons and neutrons (symmetri nulear matter). If one makes nulearmatter symmetri under protons, neutrons and strange partiles, one ouldexpet to have even more stable systems. Similar stabilising e�ets areexpeted for quark matter by adding strange quarks. These systems ofabout the same numbers of up, down and strange quarks ould perhaps bestable to very large masses. In addition these �strangelets� would have onlya small harge.The existene of these partiles is highly ontroversial. In osmi rayevents one has about two to three measurements, whih one would like toattribute to strangelets. An other result is the measurement of the ALEPHdetetor at LEP, whih did run for 106 seonds (11.6 days) without thebeam. In this time the ALEPH detetor measured mainly only events fromosmi rays. In this short time they registered �ve events with muon numbersbetween 80 and 160. An event with 100 muons in the ALEPH detetor wouldorrespond to a total number of muons of 5 600 in one suh event, if one doesnot have an angular �utuation, so that almost all muons are onentrated ina small solid angle. Although experts say, that suh �utuations are possible,the result is still very intriguing. It would have been nie to have all LEPdetetors at the same time measuring osmi ray events in oinidene toexlude the possibility of suh �utuations.



Growth Points of Nulear Physis 5353. Fundamental proesses in partile physisIn this hapter I want to summarise the talk of Ceilia Jarlskog aboutthe CP -violation in the K0-system and the letures about neutrino physisof Danuta Kieªzewska, Adam Para, Amand Faessler, Mihael Hass andHiroyasu Ejiri.Ceilia Jarlskog spoke about the CP -violation in the deay of the K0-system. The CP -violation in the wave funtions of KS and KL has beendeteted by Cronin and Fith in 1964 and they got the Nobel prize for that in1980. This CP -violation is desribed by a parameter " while a CP -violationin the deay of whih one diagram is given in �gure 5 is haraterised by aparameter "0. The measurement of "0 was for a long time very ontroversialbetween the team at CERN and the ollaboration whih measures the samequantity at Fermi Lab. within the error bars they seem now to agree verywell: Re �"0" � = � (15:0 � 2:7) �10�4 CERN ;(20:7 � 2:8) �10�4 Fermilab : (5)Ms Danuta Kieªzewska reported about the measurement of the atmo-spheri neutrinos with SuperKamiokande and about the KEK to KamiokandeK2K long baseline neutrino osillation experiment.The pions produed by osmi rays deay in leptons and neutrinos.�+(26 nse) �! �+ + �� ;�+(2:2 �se) �! e+ + ��� + �e : (6)The ratio of muon to eletron neutrinos for the deay of the �+ and ��should be two. But experimentally it is redued to about 1.3.SuperKamiokande annot only distinguish between eletron neutrino andmuon neutrino events in their Cherenkov detetor with a total of about 50000 tons of pure water, but they an roughly give also the diretion fromwhih the neutrino was oming and the neutrino energy, with whih themeasured light output is inreasing.The data of SuperKamiokande show learly, that muon neutrinos pro-dued on the opposite side of the earth, this means in the atmosphere abovethe South Atlanti for energies between 400 MeV and about 1 GeV, are osil-lating away, either in a tauon neutrino or into a sterile neutrino. The zenithangle distribution for eletron neutrinos is the same as expeted withoutosillations.Ms Danuta Kieªzewska showed indiations that the muon neutrinosprobably osillate into tauon neutrinos and not into sterile neutrinos. Oneof these indiations is the following:



536 A. FaesslerAll three types of neutrinos �e; �� and �� have a neutral urrent inter-ation with the protons and neutrons from the water. But the reoil of theprotons even for extreme high energy neutral urrent events are too small toprodue Cherenkov radiation in the water. But the protons with a reoil ofmaybe several GeV produe pions (�+ and ��), whih have a veloity largerthan the light veloity in water. So they are produing Cherenkov radiation.The SuperKamiokande ollaboration made now uts on events with severalCherenkov rings (from pions) and on high energy. They also alulated howmany suh events they should have if the muon neutrino osillates in tauonneutrinos and if the muon neutrino osillates in sterile neutrinos, whih showno suh neutral urrent interation. In addition they made a ut only onevents oming from below. With an osillation of muon into tauon neutrinosone expets more suh events from below, than when the muon neutrinos areosillating in sterile neutrinos. The agreement is markedly better betweenexperiment and theory, if one assumes that the muon neutrinos osillate intauon neutrinos.In the long baseline experiment of 250 km from KEK to Super-Kamiokande, one looks for disappearane of muon neutrinos by having anear-side detetor at KEK and omparing this rate with the detetion bySuperKamiokande. Until the beginning of August 2001 one had measured 44muon neutrino like events in SuperKamiokande, oming from the diretionof KEK and one expets 64.Adam Para and I (Amand Faessler) gave both two letures partially withintrodutory harater to neutrino physis.Amand Faessler reported about the new results from the Sudburry Neu-trino Observatory (SNO) in Canada in the Creighton Mine in Ontario, whihis 2000 m deep. In addition I reported also about the alulation of neutrinomasses in the R-parity violating supersymmetri model.To be able to measure the harged urrents the SNO detetor needsweakly bound deuterons, sine the solar eletron neutrinos of the 8B typehave energies only up to 14.6 MeV. The neutrons in 16O are too stronglybound, relative to 16F, so that the orresponding transition is forbidden.The harge urrent for eletron neutrinos (see �gure 6) is determinedto be: �SNO (�e) = (1:75 � 0:23) � 106 �m�2s�1� ;�ESSK(�x) = (2:32 � 0:10) � 106 �m�2s�1� ;�(�ee�) = 6 � �(��e�) : (7)The �rst line in equation (7) shows the eletron neutrino �ux measuredby SNO (see �gure 6 and �rst line of equation (7)). It is smaller than theneutrino �ux derived from the elasti sattering whih is sensitive to all
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Fig. 7. Elasti sattering of neutrinos on eletrons. The neutral urrent interationis sensitive to all neutrinos �e; �� and �� (not to sterile neutrinos), while the hargedurrent interation is only sensitive to eletron neutrinos. The events of Fig. 6 andFig. 7 an be distinguished by angular distribution.and atmospheri neutrino osillation data. Supersymmetry produes onlyMajorana neutrinos. The alulation is performed under the assumptionthat CP symmetry is not violated, but this leaves still open CP phaseswith the values +1 or �1. Sine one has two suh phases for Majorana neu-trinos, one has four undertermined possibilities, whih produe the range ofunertainties, shown in equation (9).m1(� �e) � 0:001 ! 0:02 eV ;m2(� ��) � 0:01 ! 0:04 eV ;m3(� �� ) � 0:03 ! 1:00 eV : (9)Adam Para gave a nie series of letures introduing into neutrino osil-lations with three �avours. He also spoke about the long baseline neutrinoosillation experiment MINOS from Fermi Lab to the Sudan mine with anosillation distane of 730 km. This experiment should be taking data inthe year 2003. There are similar plans for CERN to Gran Sasso (750 km).These are the projets OPERA and ICARUS whih should be ready for datataking in 2005.Hitoyasu Ejiri spoke about the double beta deay, whih is the experi-mentum ruis to distinguish Dira from Majorana neutrinos. The doublebeta deay is only possible, if the neutrino is a Majorana partile and bythat (apart from a phase) idential with its antipartile. The distintion be-tween Dira and Majorana neutrinos makes only sense in models beyond thestandard model. In the standard model with exatly zero neutrino massesthe predition of both types of neutrinos is ompletely idential for Diraand Majorana neutrinos, beause the same seletion rules due to neutrinosand antineutrinos is taken over by the heliity, whih is a good quantumnumber for massless neutrinos.The transition amplitude for the neutrinoless double beta deay is pro-portional to an expetation value of the eletron neutrino mass, to the right-



Growth Points of Nulear Physis 539handedness of the weak interation, to the mass ratio of the light vetorboson responsible for the left-handed weak interation to a heavy vetor bo-son, whih is in left-right-symmetri models responsible for the right-handedweak interation, and to the square of a oupling onstants from supersym-metry.T (0���) = Mmhm�i+MRLhtan#i+MRR*�MWLMWL�2++MSUSY�2111 :(10)If one has now an upper limit for the neutrinoless double beta deaytransition probability and one assumes that one mehanism is the leadingone, one an get upper limits for the di�erent parameters: the averagedeletron neutrino mass hm�i, the admixture of the heavy vetor boson re-sponsible for the right-handed weak interation to the light vetor bosonhtan �i, for the ratio squared of the mass of the vetor bosons responsible forthe left-handed weak interation divided over the mass of the vetor bosonresponsible for the right-handed weak interation and for the square of theoupling onstant �111 of the R-parity violating supersymmetri model. Theaveraged eletron neutrino mass hm�ei � 0:6 eV an be redued in furtherdouble beta deay experiments like MOON. Hiroyasu Ejiri onvined us thathe is able to redue this limit down to 0.03 eV.4. New plans of the GSI and �rst results from RHICVolker Metag and Peter Senger presented us the new plans of the GSIto build a high intensity proton and heavy ion synhrotron with 200 Tesla-meter, with a possible extention to 250 Tesla-meters. This would allow toaelerate protons to 60 (or 75) GeV and uranium to 23 (or 29) AGEV.These high intensity (and partially also high energy) beams would allowfour types of physis:(i) The high energy uranium ould for example be fragmented and oneobtains intense beams of short-lived nulei starting with 1012 uraniumnulei per seond of 1 GeV per nuleon.(ii) Another possibility would be to use the high energy heavy ion beamsof for example 238U at 22 GeV per nuleon to study nulear matter atthe highest baryon densities. This would allow to explore the nulearmatter phase diagram and perhaps even go to the quark�gluon phasetransition, but opposite to the quark�gluon phase transition at RHICor LHC physis this matter would have a high baryon density.
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Fig. 8. Outline of the future plans of the GSI with a 100 Teslameter (SIS 100) anda 200 Teslameter (SIS 200 perhaps extended to SIS 350) ring (see text).(iii) The intense proton beams with about 30 GeV would allow to produeooled antiproton beams of the order of 12 GeV whih one ould re-aelerate again in the 200 Tesla-meter ring and send it into a highenergy storage ring.(iv) The last possibility would be to produe a usual plasma with heavy ionpulses of about 500 MeV per nuleon with a very high power densityof the order of 20 kJ. This would allow to study plasma physis withmatter at the extremes of pressure and temperature.The outline of the new GSI projet an be found in �gure 8.



Growth Points of Nulear Physis 541Volker Metag desribed espeially the antiproton projet. An intenseproton beam is aelerated up to 30 GeV on an antiproton target. The an-tiprotons are then ooled in two rings and then re-injeted into SIS 200 andre-aelerated again and then stored in a high-energy storage ring (HESR).These antiprotons allow to do J=	 spetrosopy and to explore the on�ne-ment region of QCD of a few GeV. One an also searh for glueballs and forhybrids. The energy allows also to study hidden and open harm mesons innulei and to investigate hypernulei.Prof. Aandrzej Budzanowski form Craow presented the �rst results ofRHIC from the PHOBOS ollaboration.RHIC an ollide 100 GeVA gold on 100 GeVA gold with a enterof mass energy of 200 GeVA. The experiment about whih Prof. An-drzej Budzanowski was reporting, was done for Au on Au with a enterof mass energy of 130 GeVA. By �tting ratios of the di�erent produedpartiles (pions, baryons and antibaryons), one obtains the result shown inTable I. TABLE IBaryon Fermi-energy (Baryon potential) and temperatures for the reations Pb +Pb with ECM = 17:6 GeVA at CERN and Au + Au with ECM = 130 GeVA atRHIC derived from the ratios of the partiles produed.SPS (CERN) RHIC� Baryon [MeV℄ 270 41Temperature [MeV℄ 170 170Going from the 17.6 GeVA at SPS (CERN) to the 170 GeVA at RHIC,one redues the baryon potential �B from 270 to 41 MeV. This means theentral region has a muh lower baryon density at RHIC than at CERN, buta very high energy density. On the other side the temperature of 170 MeVis not hanging from SPS to RHIC. This suggests that in both ases onetransversed the nulear matter to the quark�gluon plasma phase transitionand the observed partiles are a result of the ondensation from the quark�gluon plasma into the thermal equilibrium at a temperature of 170 MeV forthe di�erent baryon densities.Sine I am the last non-polish speaker, I have the privilege to thank theorganizers for the nie atmosphere and the interesting surrounding at thisshool. Our thanks go to Ziemowid Sujkowski, who is the hairman of theorganizing ommittee and arried most of the responsibility. But the good



542 A. Faessleratmosphere is also due to Danka Chmielewska and to Kasia Delegaz. Thesailing was as in all previous shools exellently organized by Jan Kownaki.We ould rely on the organization of our transports by Anna Stolarz. Theproeedings are prepared by Tomasz Matulewiz, who has to take are thatwe all send our manusripts to him on time. There where also many othersinvolved in the organization, whih I inlude in my thanks also.We are all looking forward to ome again to one of the Mazurian LakesShools in the future.


