Recommendations from the BNL Town Meeting

Preliminary posting, Jan. 23

Below is the text of the recommendations agreed upon at the final discussion session of the Town Meeting.  In some areas, as indicated, the wording is not yet final.

Recommendation 1.
RHIC has begun to have a profound impact on our understanding of the QCD structure of matter.  Collisions of heavy ions will explore the transition to the quark-gluon plasma, while polarized proton collisions will reveal the partonic contributions to the nucleon’s spin.  We recommend full operation of RHIC with the experimental and theoretical tools needed to exploit wholly these novel and unique capabilities in a timely fashion.

The capabilities of RHIC to provide pp, pA, and AA collisions at a variety of center-of-mass energies opens a broad physics program studying hot, dense matter and the structure of hadrons.  Full exploration of the physics program requires operation of RHIC for 37 weeks per year. (The wording of this last sentence is being re-worked)

Adequate support of experimental and theoretical researchers is essential to realizing the physics promise of this new facility to address fundamental questions of strong interactions.

It is important to pursue targeted opportunities for near-term upgrades to the RHIC detectors, thus extending the kinematic and physics reach of the present program.

Recommendation  2.

A vigorous R&D program to pursue the next generation of accelerator and detector developments needed to probe the QCD structure of matter.

Two initiatives of primary interest are:

a) a luminosity upgrade at RHIC to study rare probes of matter at high energy density; and

b) a high-luminosity electron-ion collider to investigate matter at high parton densities and new spin-dependent features of nucleon structure. 

Both initiatives require development of high intensity electron accelerators with energy recovery, as well as innovative detector techniques.

Recommendation 3.
The development of multi-teraflop massively parallel computing facilities for lattice gauge theory and other problems in nuclear physics provides unprecedented opportunities for progress in theoretical physics, which should be pursued.

Recommendation 4.
A focussed program, involving moderate resources, of participation in the heavy-ion experiments at the LHC should be pursued.

The structure and wording of the two education/outreach recommendations are still being worked on.

Listed below is the proposed list of accomplishments in the field since the last LRP, which will be discussed in the white paper:

Accomplishments 

(1) Within the 6 months of completion of RHIC, first collisions were

achieved; detectors commissioned and significant scientific results were

published- a remarkable technical and scientific achievement.

(2) Physics studies at RHIC experiments, only 4 months after the first RHIC

run, yield a wealth of exciting results. They include the observation of

near hydrodynamic collective behavior of early evolution (radial and

elliptic flow) and hints of large pt hadron suppression as predicted by

recent theoretical studies of parton energy loss in dense matter.

(3) Experiments at SPS provided tantalizing hints for the existence of a new

phase of matter (QGP). They include observation and characterization of

J/Psi suppression, enhancement of strange hadrons, EM emission of direct photons and enhancement of low and

intermediate mass dileptons.

(4) The RIKEN-BNL Research Center was founded and the RIKEN-BNL fellows program was implemented.

(5) Significant progress has been made in the theoretical understanding of the

phases of QCD matter at high densities, such as color superconductivity and

color-flavor locking.

(6) Progress has also been also made in the theoretical understanding of the initial

gluon distribution in large nuclei at small x and parton saturation which

lead to predictions of initial conditions of high-energy heavy-ion

collisions at RHIC.

(7) Experimental data from SIS, AGS, SPS and lately RHIC have helped to map out the chemical freeze-out condition for hadrons in heavy-ion collisions.

(8) The possibility of strange quark matter on the microscopic level has

been thoroughly investigated and strong limits have been established on the

existence of a H-dibaryon and other stranglets.

(9)Greatly extended knowledge of the nucleon's parton distribution

functions:

a). The spin contribution of up and down quarks is only 30% of the nucleon's

spin-much smaller than expected.  Where is the rest of the spin?

b). The sea of the nucleon is measured to be very asymmetric in up and down quarks-a surprise likely due to the presence of the virtual pions.

c). The gluon distribution in the nucleon is observed to grow rapidly with

increasing Q^2 and decreasing x. Does this distribution saturate and what

are the consequences of the saturation?

To be discussed:

(1) Theoretical studies of massive strong CP violation in heavy-ion

collisions.

(2) Theoretical studies of fluctuations as signals of QCD and chiral phase

transition.

(3) Establishment of a pattern of collective behavior, e.g. directed,

elliptic and radial flow from low to high energy heavy-ion collisions

(4) Progress in lattice QCD?

(5) Progress in high temperature QCD, in particular studies of EOS at

temperature just about T_c.

