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These are indeed exciting, productive and historic times.  RHIC was conceived as a machine with a huge discovery potential and it is meeting all expectations.  The underlying theory for the physics of RHIC is Quantum Chromodynamics (QCD).  This involves both perturbative and non-perturbative aspects of QCD.  This is analogous to Condensed Matter Physics where Quantum Electrodynamics (QED) is the underlying theory.  In both cases there are complex phenomena involving collective effects and phase changes.  This implies close interaction between theory and experiment.  This workshop is a major step in fostering such an interaction between theorists and experimentalists towards understanding the physics emanating from RHIC.


This is also a time for some celebration in light of some major accomplishments.  With regard to the RHIC accelerator complex it is clear that it is a well conceived and constructed machine.  In its first years of operation it has achieved its design goals and has shown its versatility by running various modes.  These have included Gold on Gold (Au x Au) at a variety of energies including full energy (100 GeV/A x 100 GeV/A):  Deuteron on Gold at full energy, and polarized protons polarized protons at 100 GeV x 100 GeV with 50% polarization--quite an accomplishment.  On the detector domain, the concept of four complementary detectors, two large, two small with some kinematic overlap has bee a great success.  The excellent performance of the four detectors coupled with the extraordinary capability in data accumulation and analysis have produced a plethora of new information and insight into heavy ion collisions.  Particle multiplicities, transverse energy distributions, radial and azimuthal flow, nuclear modification factor for Gold Gold Collisions (RAA) and for deuteron Gold Collisions (RdA) as well as nuclear sizes via Hanbury-Brown Twiss (HBT) measurement have been made.  The results are overwhelming.  The lattice gauge theorists had predicted a phase change at RHIC energies, where all the nucleons would melt into quarks and gluons.  The canonical thinking was that this new phase would consist of a gas of weakly interacting quarks and gluons and that one could calculate such a state of matter in perturbative QCD.  Alas that is not what has been found.  In fact it would have been dull if indeed this standard quark gluon gas were observed.  Instead one has found a highly dense, strongly interacting quark gluon plasma, sQGP! – Something new and completely unexpected.  As a bonus our theoretical colleagues conjecture that another phenomena, the color glass condensate CGC or saturation of gluons at low momentum may have also been observed.  We may be saturated with riches.  Everyone should receive an accolade for this discovery of sQGP and we salute you all  


Are there lessons to be learned from the recent past, experiences in the evolution of physics that may be relevant for RHIC physics?  Several examples come to mind.

1)  Observations of jets in hadron-hadron collisions.  

The first attempts to see jets at the Fermilab fix target facility at a proton lab energy of 400 GeV (27 GeV center of mass energy) were rather unsuccessful.  When the energy was raised to greater than 40 GeV in the center of mass the evidence for jets became obvious via the so-called lego plots.  This was due to both the increase in the cross section for the prediction of jets as well as favorable kinematics of the jet opening angle versus their separation.  After the jets were clearly observed at the higher energies, the data from the lower energy were reexamined and with hindsight one could find evidence for the existence of jets.  The lesson to be derived is that being at the right energy is important.

2)  Low Temperature Superconductivity.  

The phenomenon that some materials exhibit zero resistance at low temperatures was observed in the year 1911, low temperature superconductivity.  The understanding of this amazing effect occurred in 1957, 46 years later.  This demonstrates the experimental discovery is separate from its explanation.  More recently, in 1987, high temperature superconductors have been discovered.  It is now 2004, 17 years later and there is still no understanding of this new phenomenon.  There is an interesting aside to this story in that Professor Krumhamsl of Cornell who was also President of the American Physics Society argued in 1989 that one should delay construction of the SSC accelerator because one could build it more cheaply with these new superconducting materials.  Of course this was not so, you can’t even do it now, and as a result of his and other peoples’ lack of vision, the SSC was lost as well as $600 M per year in the DOE high energy budget.  The lesson to be learned is that the theoretical understanding of a new phenomenon sometime follows many years after its discovery.

3)  Elementary Particles.  

Investigation of particles and resonances began in the late 40’s, with intense activities in the ‘50’s, ‘60’s and early 70’s.  It is amusing to note that in the very early stages, when mostly the numerous decay modes of what became the K meson were being studied, K2, K3, Ke3, , K2, etc.  Even in the early days when resonances began to proliferate, Fermi was quoted as saying:  If I had to remember all these names I would have become a botanist.  SU(3) came in 1964 as well as quarks a little later with deeply inelastic scattering in 1969.  This set the stage for the development of Quantum Chromodynamics in 1974.  The lesson in this case is that the timescale for the development of theoretical understanding is relatively short, of the order of 15 years.

4)  Successful Accelerators.  

The Brookhaven AGS must be considered one of the very successful high energy machines constructed to date.  It is amazing that the proposal for this accelerator consisted of a six-page letter written by the Director of BNL to the AEC.  The construction of the AGS was proposed in 1954 based on the new principle of strong focusing and built in the period of 1956-1960.  The ostensible physics justification was the increase in energy 30 GeV versus the Bevatron 7 GeV, and interesting features in the pion-nucleon interactions.  The major findings were different:  Two neutrons ’62, CP violation and - in 1964, the J particle in ’74 g-2 in 2003, etc.  The other attributes leading to the success of the AGS was the constant improvements in its intensity from 1010 ppp at inception to 7 x 1013 ppp today.  As such the famous CP experiment of ’64 with several hundred hours of machine time was reproduced in the ‘80’s at the AGS in one pulse!  The lesson to be learned is again to be at the right energy regime where new phenomena occur and constantly upgrade where possible.

The other area of concern that I would like to briefly address is that of errors, mistakes, bad decisions.  Physics is replete with incorrect publications.  Among the more noteworthy are (1) Finding of free, fractionally charged quarks.  With more particular attention applied to the systematics of cloud and bubble chambers this claim was negated.  (2) A published report that there were eight reasons why the Sigma Lambda parity was odd.  All wrong!  (3) Measurements of the electron spectrum from muon decay were characterized by a parameter  and experimental values ranged from zero and slowly went to 0.75 over a number of years.  The fascinating property was that each measurement agreed with the one preceding and following; yet the value settled down only after theory made a firm prediction.  (4) Cold Fusion—The fusion of two deuterium nuclei in a palladium medium at room temperature.  Great if it were real but unfortunately sloppy experimental technique contributed to this false report.  (5)  Super heavy  elements—looking for a needle in a haystack and finding it.  This allegation was pure fraud.  Lesson, one has to check on one’s collaborators; and (6) Splitting of the A2, meson, which had the consequences of negating the systematics observed in meson spectroscopy which led to SU(3) symmetry and the existence of quarks.  This involved a powerful new experimental technique, the missing mass spectrometer which vastly increased data taking capability and in principle mass resolution.  With huge amounts of data one must be very careful of biases and systematics.  Although the statistical validity of the split of the A2 was overwhelming, more than five standard deviation, it turned out to be wrong.  I have been quoted as saying, give me a huge amount of data and five cuts and I will get you any result you want.  What are the lessons to be learned from all these examples?  You have to be honest, use good experimental technique, be critical of results, have redundancy and distinguish between discovery and understanding of new phenomena.  

A few comments on accelerators.  As noted earlier the AGS is situated in an energy, intensity domain that allows it to be a very productive machine even 40 years after its completion.  This of course has not been true of all accelerators, some have been more successful than others.  The SPEAR electron positron collider at SLAC has also been a most successful machine.  It also benefited by being at the right energy and luminosity, at the right time.  Several succeeding electron positron colliders have not been as fortunate.  PEP, DORISB and TRISTAN were all built to find the top quark, naively expected to be at ~15 GeV, and all failed.  The top was found at 175 GeV.  This provided a valuable lesson, namely one should utilize hadron-hadron collisions to explore a broad energy range and then exploit any particular energy with an electron-positron collider.  It’s bad to build a machine that is below threshold for the phenomena in question.  And this is the tragedy of the cancellation of the SSC, a 20 TEV x 20 TEV proton proton collider, which would have mapped out the physics of the several TEV region.  This termination occurred in 1994 and we won’t have the backup LHC 7 TEX x 7 TEV until 2007-2008.  And as a result the Next Linear Collider, NLC, will probably not start construction until 2010 or later.  Not a pleasant story for high energy physics.  

But what does all this say about RHIC?  The early evidence indicates that RHIC is in the correct energy range 40-200 GeV/Amu.  One is seeing the effects of sQGP and possibly CGC.  The luminosity is adequate and the flexibility and versatility built into RHIC have proven to be valuable assets.  This is not an accident.  One of the original designs for the superconducting magnet system was in two in one design, invented at BNL, and now being utilized in LHC.  The present design of one on one magnets was adopted because of the requirements of a large energy scans as well as a wide species capability, including PA which proved to be invaluable.  The energy choice, as noted earlier, was also appropriate.  It was chosen to be one hundred times higher than the Bevatron and ten times larger than the anticipated SPS capability.  The detector situation was more complex.  As you may recall all thirteen initial proposals for detector experiments at RHIC were rejected.  After resubmission four were approved, two large, two small detectors, complementary to each other with different strengths and overlapping capability.  As has become evident with all four experiments, they have had the ability to verify nearly all the important findings to date.

It is now clear that we have the proper accelerator.  We need to run it as much as possible in a variety of energies and species to extract the exciting physics.  We need to upgrade RHIC by increasing the luminosity by at least an order of magnitude and then add an electron capability, eRHIC.  It is also clear that we have the proper initial complement of detectors.  These need to be upgraded to cover more of the interesting kinematical regions as well as coping with the increased luminosity.  It is also clear that we have the talented people to accomplish the analysis, theory, data handling, calculations, etc.  I would conclude by stating that we are all indeed fortunate to be here at BNL at RHIC and have been given the opportunity to partake in the rich and exciting physics to emerge from this facility, now and over the next many years.  To paraphrase and old New York saying, let us not misuse this golden opportunity.  On behalf of RBRC, T.D. Lee and myself, I want to thank all of you for coming and participating in this important and historic workshop.

