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Letter

Dear Tom

You have requested a statement on the plans of the BRAHMS collaboration in the period 2004-2014. Even though the main emphasis is on the longer term strategic planning for RHIC-II and the anticipated high luminosity running we though it useful to supply you with details on the present research activities, as well as plans for next couple of years (2003-2006). This should give you a good impression what kind of results Brahms is expected to provide from the early survey phase of RHIC. We will also like to share with you ongoing considerations and planning for a possible second generations experiments following this early period.

On behalf of the Brahms collaboration

FV+JJG

Document

The BRAHMS baseline program was laid out in the Conceptual Design Report (1997) and formed the has formed the basis for the initial program that Brahms started carrying out with the first colliding Au beams at 130 GeV in 2001 (Run I)
. The initial program was envisioned to be a broad survey program to characterize the Heavy Ion collisions at ultra relativistic energies. The initial program thought to study HIC primarily with Au-Au, but also to carry out important comparison measurements with both lighter ions, pp and at several energies. The program thought has evolved based on the early results from RHIC, as well as from theoretical developments. At this point part of this program is well underway, but does need additional running time with Au-Au and light ions. The BRAHMS collaboration sees it important to conclude significant parts of this in the next few years; The present document describes highlights of achievements so far, research plans for what the collaboration wants to gain in the short terms period (2004-2006). As described later this will mark a near completion of the baseline program, and interest of the collaboration becomes more the interest of the various groups in Brahms that will lead to different directions. Part of the collaboration has a clear interest to pursue physics at RHIC, will others are committed to heavy ion physics at LHC. Such future RHIC plans are at present at the discussion stages, the hope is to get to more specific plans within a short time scale, with the aim for a ‘new’ research program at RHIC in the period 2006. This is not envisioned at this point to be part of the RHIC-II high luminosity upgrades, but a program with a more modest time-scale.

Consequently, we divide the present statement into periods: 1) the period 2004-2006 which involves the essentially full collaboration in its present form and 2) the period beyond 2006, which in all likelihood involves only part of the present BRAHMS collaborators, an where a plan yet has to be fully developed. 

Accomplishments and plans for the period 2004-2006.

1. Results of the BRAHMS collaboration obtained in RHIC runs I-III.

The future near term plans of the collaboration for runs IV to VI emerge naturally from the first results that have been obtained from the commissioning run (I) at (snn=130 GeV and the first major run at the design energy (snn = 200 GeV for Au+Au collisions and the p+p and d+Au runs at the same energy in RHIC run-2 and run-3.

The data taking in these runs has been characterized by a first mapping of the global features of the reactions listed above exploiting the unique feautures of the BRAHMS experiment, namely the ability to study a large region of the (y, pt) spacewith excellent particle identification for charged hadrons over a wide range in momentun and rapidity. It is also clear that the integrated luminosity that has been delivered so far, combined with the small solid angle of the two BRAHMS spectrometers (1 and 5 mrad, respectively) means that the baseline program has not been completed. In addition, a number of highly interesting new physics topics have been identified (mainly involving low production cross section events, such as high p_t and correlations which the collaboration wishes to investigate in greater depth.  

Below we briefly summarize the main results, of which a number have already been published, while others are being prepared for publication.

Rapidity density of charged hadrons at (snn =130,200 GeV 
. These study establish the baseline particle densities over a wide rapidity seen in Au-Au collisions.

Hadron to anti-hadron ratios at (snn =130,200 GeV. The particle yields has constrained dynamic models, and has establish that a system consistent with being in chemical equilibrium over a wide rapidity range.

The run-III yielded sufficient data to map the net proton rapidity distributions at (snn =200GeV for Au+Au collisions, demonstrating that at RHIC the rapidity scaling for AA energy loss is broken.

Yield of charged hadrons vs. rapidity at (snn =200.

Centrality dependence of hadron yields at mid-rapidity.

Rapidity dependence of deuteron and anti-deuteron coalescence factors at (snn =200GeV.

Nuclear modification factor in Au-Au, d+Au collisions at (snn =200 GeV; Despite the small solid angles the PID capabilities can give unique information in particular at higher rapidities about high pt suppression. The charged yield RAA have been analyzed, and shown in public, while the dAu data at higher y was collected and will be analyzed in th near term.

The pp experiments in  run II and run III have so far been analyzed for ratios of charged hadrons vs. rapidity in (snn =200 GeV p+p collisions, and will be contrasted with the AA ratios in an upcoming publication.

Yield of charged hadrons and pt dependence vs. rapidity in p+p collisions at (snn =200GeV.

High rapidity spectra and the color glass condensate.

Pseudorapidity density distributions vs. y for d+Au collisions.

In addition to these topics the collaboration is developing the tools for measuring and analyzing of the charged pion asymmetry at higher Xf in polarized p+p reactions. Towards this end we have established a collaboration with the RIKEN spin group and with hadron physicists of the University of Giessen.

2. Plans for the period 2004.2006.

The goals of the collaboration for this period are briefly summarized below. As mentioned previously they emerge from 1) the desire to complete the basic hadronic survey program and 2) the derisre to investigate in detail particularly promising new physics topics that has been revealed in the initial experimental periods. We believe that the BRAHMS experiment, with its ability to measure also the forward rapidities, has an important and complementary role to that of the other RHIC detectors.

1. Completion of the survey in the hadronic sector.

BRAHMS has in the initial runs carried out a first mapping of hadronic production as a function of rapidity. Due to the lower delivered luminosity than expected we have concentrated the initial data taking to selected angles and momentum settings which maximize the count rate. We therefore do not have a full survey yet, notably at the most forward rapidities (y>3) and at the highest p_t (except for y=0 and y=2). 

We wish to complete this survey and remark that such a survey may well stand alone for a very long time, as there for example are no current plans to identify particles at forward rapidity for at the LHC.

2. High pt suppression vs rapidity.

High pt  suppression appears to be a prime candidate as indicator for QGP at RHIC. All 4 RHIC experiments have reported high pt  suppression around y=0 for Au+Au collisions and the lack thereof for d+Au collsisions. BRAHMS has in addition demonstrated that high pt suppression also occurs at y=2 in a region inaccessible to other experiments.

There is a clear challenge in determining over what rapidity range high pt  suppression persists in Au+Au collisions and relating it to a theoretical model understanding. Indeed, the detailed understanding of the nature of the observed high pt  suppression (partonic or hadronic) may well depend crucially on such systematic investigations.  

3. Issues related to the Color Glass condensate.

New theoretical predictions regarding the properties of fast moving objects consisting of quarks and gluons have emerged in the last few years. Models suggest that there may be effects related to high gluon densities that limit the phase space available for particle production (multiplicity and pt  distributions). Though unlikely to be of major importance for x >0.01 it is suggested that forward rapidities may be the best region to search for such effects probing smaller x values for the . BRAHMS has the possibility of studying the details of particle production up to y=4, and have data from the Run III d-Au though not with the desired statistics to address the issue.

4. Energy scan of hadronic properties vs. rapidity.

Running at reduced energy (f. ex at (snn=56 GeV) for Au+Au collisions will be of paramount importance for understanding the interesting signals that have emerged from the RHIC runs at maximum energy, notably studies of high pt suppression and for example also the systematic of charged hadron spectra (f. ex. Kaon slopes) which may reveal features characteristic of a phase transition. In addition BRAHMS has the unique possibility to measure the essentially full net baryon distribution vs. rapidity at a lower energy. This will place additional stringent limits on the theoretical understanding of stopping, energy loss and transparency.

5. Investigation of correlation vs. y (HBT, Coalescence, event plane correlations, elliptic flow).

BRAHMS has the possibility of carrying out two particle correlation studies as demonstrated f. ex. by the coalescence measurements for antideuterons and deuterons at y=0 and y=1. However 

Significantly increased statistics are needed in order to extend these results to the forward rapidity region. A similar situation applies to interfereometric studies(HBT). In addition we plan to carry out not only studies of elliptic flow vs. rapidity to investigate hydrodynamical flow effects and issues related to thermalization, but also in general of the particle production relative to the reaction plane. To this effect we will reconfigure part of the central Si multiplicity array and possibly utilize prototype detectors from ALICE.  

6. Spin physics with p+p at forward rapidities.

An .. references. <<Short term goal – ready to do>>


<<Brendan Fox has agreed to put words into here>>

Transversity (more speculative..) references?


<< Maybe rather belongs to 06+ years due to required need for detector modifications>>

Diffractive physics

<<This comes from discussion between Wolfgang Kuhn  and Wlodek, but needs some work

before one comfortable can put it in as specific plan; a meeting is planned for BNL mid/end July as I (fv) understands.>>

”The proposal is to have joint running between the 2 experiments, i.e. incorporating the Roman pots etc into the BRAHMS data stream.
Guryn from pp2pp is interested in this and Wolfgang also. People at NBI would be interested in this via our close collaboration with Wolfgang and Giessen. What could the Giessen-NBi collaboration bring in? We anticipate a joint Ph. D. student + time from Wolfgang and from someone from NBI.
We see this as a well defined project for one run or part of one run.”
3. Instrumental upgrades 

1. Enhanced high pt PID in the range y=0,1.  << I guess this is done with C4..>>

2. Event plane determination and elliptic flow.

3. Prototyping of ALICE/LHC detector elements and associated physics program with the aim of using these for physics measurements at RHIC.

The execution of this plan depends very much on the length and species available for the RHIC running periods. From BRAHMS perspective  the ideal is to have the longer Au-Au run, as perceived for Run IV, followed by a light specie run in RUN V, with some polarized proton running for the An transverse asymmetry measurements.  

B. Plans for the period beyond 2006.

The BRAHMS collaboration is composed, in approximately equal proportion, of scientist from Europe and the US. The European physicists, notably those from Denmark and Norway have a long term scientific perspective intimately connected to the plans for the ALICE detector at the LHC, to which they contribute. This detector is expected to become operational in 2007, and with significant apparatus installation commencing in 2006. 

These groups have indicated that they are interested in pursuing a vigorous research program at RHIC with BRAHMS until the start of ALICE operations.  As such, they are fully committed to RHIC runs IV (2004)  and V (2005) and possible in part in run VI (2006). After this time they do not plan to participate in data taking at RHIC, although some analysis effort may still be maintained for some years. In the event that ALICE/LHC is significantly delayed the groups have expressed their interest in continuing a research program at RHIC.

The other groups presently in BRAHMS has started discussion where to go next. A historic perspective is that when BRAHMS was initially proposed the aim was to performed the survey measurements in the first few years of RHIC running, that the overall experimental program at RHIC would point to specific ideas, measurements that should be done next by either upgrade to existing detectors, or by the development of a new detector to address such issues. This is of course also what is behind the upgrade plans for STAR and PHENIX, that in due course will address several rare probes and investigations particular with increased luminosity. It is though worthwhile to consider what kind of other physics opportunities RHIC might offer. 

This is the background for discussion that has started among the groups in Brahms. It should be pointed out that these are still underway – with ideas in several directions that should be investigated further in a shorter time-scale. The aim is to identify interesting physics that can be carried out at RHIC exploring some selected facts of Heavy Ion physics with a time-scale for an experiment starting up around 2006+ for some years.

Such experiment is not to be seen as a direct continuation of Brahms, though for cost and effectiveness reasons it may be desirable to re-deploy as much as possible of existing equipment. It would

The groups in Brahms involved in these discussions are well aware of similar considerations within groups of  Phobos and their thoughts on various possibilities for continuing efforts at RHIC, including exploiting RHIC beams for lower energy measurements to probe the onset of particular strangeness enhancement that by some has been taken as the onset of the phase transition.

In order for this process to move forward the groups are planning to arrange a workshop sometime in the fall where these subjects are brought up by interested parties, by having theoretical discussions and aiming for a consensus that could lead to a LOI on a short time scale.

Dedicated physics near mid-rapidity

<<Something about specific detailed physics. Photons ? Need some physics justification.

Is this realistics?>>

<<we discussed a few other items but basically nothing concrete in my mind to put in>>

Forward Physics (RD)

Previous programs have been deficient in thorough studies of particle production and energy flow. 

<<What is meant here – SPS ? (NA49) AGS? (E895) ( No what wis mean is hadron results at higher energies>>

RHIC should not repeat that neglect. BRAHMS has the capability to do that work for all systems A-A d_A and p-p. Modifications of magnets apertures, together with the implementation of a "high pt " trigger would allow the study of transverse momentum up to their kinematical limit.Besides that surveying capability, BRAHMS can evolve into the RHIC Forward Physics facility. It can start by making use  of the existing  Forward Spectrometer  and rely in the study of very high momentum 
leading  particles as its main probe.
 Sch particles are produced  by two partons "fusing" into a single one (two-to-one or mono-jet production as opposed to so called two-to-two di-jet) nd it has a very asymmetric kinematics if the mono-jet is detected as  orward as possible, Later on, a second arm based mainly in calorimetry can be added to detect di-jets with same sign and  high rapidities , a 
system with equally asymmetric kinematics.  With those probes we will be able to extend the reach to very small values of x in the wave function of the nuclei in A-A or d-A collisions.
Spin physics

Transversity measurements

These which involves pion-pair near mid-rapidity  requires transverse polarization and large integrated Lum. It can certainly be done by Phenix/Star but they mau not want to run with transverse pol? <<See also above>>

Such  programs are clearly in the early phase and much be investigated further in a nearer future though discussion with as wide group of interested parties, both theorist and experimentalist regardless of the current affiliation. It is our intention to hold workshop to see if such a program has sufficient scientific interest to warrant a LOI and full proposal.

Appendix 

Published papers and paper in preparation.

Rapidity density of charged hadrons at (snn =130, 200 GeV.

PLB523(2001)227, PRL88,202301(2002)

Hadron to anti-hadron ratios at (snn =130,200 GeV.

PRL87(2001),112305,  PRL90,102301(2003)

Net proton rapidity distributions vs. rapidity at (snn =200GeV for Au+Au collisions.

QM2002, NPA715(2003) 782 ; in preparation for PRL.

Yield of charged hadrons vs. rapidity at (snn =200.

QM2002 NPA715(2003), 778 and to be submitted to PRL

Rapidity dependence of high pt suppression of charged hadron spectra at (snn =200 GeV for Au+Au  and Nuclear modification factor in d+Au collisions at (snn =200 GeV.

Submitted to PRL. ( certainly submitted when document is complete in end July)

Papers in preparations:

Ratios of charged hadrons vs. rapidity in (snn =200 GeV p+p collisions.

Yield of charged hadrons and pt dependence vs. rapidity in p+p collisions at (snn =200GeV.

Centrality dependence of hadron yields at midrapidity at snn =200 GeV

Rapidity dependence of deuteron and antideuteron coalescence factors at (snn =200GeV.

Ratios of charged hadrons vs. rapidity in (snn =200 GeV p+p collisions.

Expected result from analysis of Run-3 data

Nuclear modification factor in d+Au collisions at (snn =200 GeV vs. rapidity and centrality.

Yield of charged hadrons and pt dependence vs. rapidity in p+p collisions at (snn =200GeV.

Pseudorapidity density distributions vs. eta for d+Au collisions. 

High rapidity spectra in dAu, pp and AuAu and implication for the color glass condensate.

� The nomenclature Run I,II etc happens to coincide with the fiscal years e.g. such that RUN V is in FY05.


� Ramiro had a note on forward dijet along the lines of ”Sch particles are produced  by two partons "fusing" into a single one (two-to-one or mono-jet production as opposed to so called two-to-two di-jet) nd it has a very asymmetric kinematics if the mono-jet is detected as  orward as possible, Later on, a second arm based mainly in calorimetry can be added to detect di-jets with same sign and  high rapidities , a �system with equally asymmetric kinematics. ” Today JH showed results from D0, as well as some kineatics simulation, that shows the the cross sections go way down for jet production (given Et) as eta grows. I keep it here since we discussed this before.





�  PRL, PLB..





