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Executive Summary

The committee was convened by W. Scott Wilburn, P-25 Group Leader and Program Manager for Nuclear Physics, to review the LANL heavy-ion program.  Scott Wilburn empanelled the review to help him set priorities amongst several possible future directions and to guide future hires.  The charge to the committee is given as Appendix A.  The sections of this report that follow are a response to the charge.

The P-25 team is supported to work both on heavy ion and medium energy physics.  The team currently consists of 12 staff, 6 post-docs, 1 visitor, and 1 student.  All but two of the personnel work at least part time on the heavy ion program.  The staff members include one mechanical and two electrical engineers.

The agenda for the review is Appendix B.  The talks addressed the accomplishments of the team in heavy ion physics as well as the opportunities for the future.  The committee is commenting on the work to date and the future plan that was presented.

The muon tracking system – designed, constructed, installed, commissioned, and maintained by this team – has been an enormous contribution to PHENIX.  The team has made a major investment into the reconstruction of muon events.  As RHIC physics has developed, the importance of heavy probes has become clear.  The result is especially noteworthy in the data on J/‘s whose suppression has given insight into the nature of the hot matter created in the relativistic heavy ion collisions.  For simplicity, this report will refer to this state as the strongly interacting quark-gluon plasma (sQGP). 

The team is currently in the middle of a PHENIX construction project to produce a forward vertex detector (FVTX) for the identification of c- and b-mesons.  LANL is managing and leading the project.  The detector is due on line in FY’11.  The physics prospects for this detector are very promising.  Of special note will be the ability to measure the channels that feed J/ production and may account for their suppression as well as the prospects of understanding the behavior of heavy quarks as they traverse the sQGP. 

The team laid out a future program whose major elements consisted of PHENIX muon  physics with the FVTX, Z0-tagged jet studies at the large hadron collider (LHC) using the compact muon solenoid (CMS), FermiLab experiment 906 (E906), and some long-term planning on PHENIX upgrades, e-RHIC, and polarized Drell-Yan measurements in Japan.  The committee felt that the long range activities were appropriate at a low level but outside the 5-year scope of this review.  While the future program looks exceedingly attractive scientifically, the committee had concerns about the adequacy of the staffing needed to execute it.  The committee feels LANL management should fight to obtain the resources needed to properly realize the goals.

The first element is milking the two detectors (the muon tracking system and the FVTX) at PHENIX.  The heavy-quark physics output in the next five years should be substantial.  The commitments to PHENIX must be met before any other responsibilities can be enlarged.  Failure to do so could cause the team to lose the support of the national community.

The scientific opportunities at the LHC are extremely compelling.  The considerably higher energy available should allow establishing if the sQGP exists in only a single phase.  A plausible effort is maintainable with the requested resources but will be much more effective with a larger involvement.  Minimal participation requires LANL become a collaborating member of CMS, but the committee believes a larger participation will have a more than proportional payoff.  The idea and ongoing analysis development of tagging jets with Z0’s is LANL’s and should be exploited.  The LANL heavy ion team is also working with the CMS silicon pixel detector, in particular, to study and address difficulties related to memory buffer overflows of relevance solely to the heavy ion program at full luminosity expected in 2013 and beyond.  At the moment no heavy ion group in CMS has the expertise and knowledge to address this problem, however given the expertise within the LANL heavy-ion team, they would be in an ideal position to provide a solution.

E906 is an important opportunity to provide the heavy ion community with the energy loss information crucial to interpreting relativistic heavy-ion collisions.  In fact, its value may not be fully recognized in the heavy ion community, and the committee recommends that the team make every effort to rectify the situation through scientific talks.

The Significance of the Accomplishments to Date

PHENIX

The Heavy Ion Team has made enormous contributions to PHENIX and more broadly to our understanding of the strongly Interacting Quark Gluon Plasma (sQGP). The contributions have been in the areas of data analysis, scientific understanding, and hardware.  The team has taken the leadership in the construction and operation of the muon tracking system, which has given the PHENIX collaboration the capability to look at physics in the high rapidity (1.2<||<2.2) region.  In this regard they are critical to the continued successful operation of the muon arms.  

This detector has yielded many significant physics measurements – of which two are among the most important results that have come from RHIC.  The first has to do with the observation of suppression of J/ production in heavy ion collisions with respect to p+p collisions, and what this signature tells us about deconfinement.  LANL has played a leading role in both the analysis and the understanding of the variety of effects that play a part in the observed suppression of the J/ - these effects include cold nuclear matter effects, screening, recombination, and initial/final state energy loss.  A second major scientific achievement of the team is its work in understanding cold nuclear matter which serves as a baseline for comparison in relativistic heavy ion collisions.  Since the physical extent of the low-x gluons in one nucleon overlaps with the gluons in a neighboring gluon due to the uncertainly principle, the nucleus is not simply a superposition of many nucleons.  This structure is best studied in the high rapidity region in d+Au collisions that give access to the low-x partons in the nucleus.  By pushing the data analysis, the LANL team, working with their theoretical colleagues, has been a leader in both the PHENIX collaboration and in the wider heavy ion community in the understanding of the results of the observed J/ yields.  A closely related measurement, which was pioneered by LANL, was the clever use of the muon arms to measure punch through hadrons, where a significant suppression was seen in d+Au collisions relative to p+p. 

The Heavy Ion Team has continued its contributions to the PHENIX hardware by proposing the FVTX, a silicon tracker covering the acceptance of the muon arms, whose purpose is to measure the displaced vertex of heavy quark decays to muons.  Previous measurements have depended on the background-subtracted single lepton channel. The FVTX will make possible the direct measurement of charm and bottom.  The proposal has been funded, and the LANL team has been the leader in the construction. The team’s commitment to this project is vital to its success in the final stages of construction, commissioning, operation, and analysis. 

LHC/CMS

A primary question to be addressed by the heavy ion program at the LHC is the nature of the created medium in this new energy regime.  Is it similar to the sQGP found at RHIC energies or something else, for example, a more weakly-interacting quark gluon plasma?  LANL has become well established in the CMS heavy ion community as the sole leader of a new analysis utilizing Z0+jets that promises unique insights into the properties of the matter created at the LHC.  Their work on this measurement resulted directly in its inclusion in the CMS Heavy Ion Physics Technical design Report (J. Phys. G: Nucl. Part. Phys. 34, 2307 (2007)) that lays out the planned heavy-ion program in the CMS.  This measurement has not been possible thus far in heavy ions and utilizes the strengths of the CMS muon detection coupled with the detector’s extensive tracking and calorimetric coverage.

To date, LANL has provided valuable expertise and important technical knowledge concerning the CMS silicon pixel detector and its operations in the high-multiplicity heavy ion environment.  Significant readout issues were identified, articulated, and characterized by LANL.  This information has directly impacted the planned mode of running of the CMS detector for the next two (low luminosity) heavy ion runs. In particular, the running mode must be significantly modified through the addition of a dead-time hold off for the experiment to enable CMS to correctly read out the large multiplicity heavy-ions events.  This planned low-luminosity running mode will not work for design luminosity with heavy ions, and represents a significant problem that must be solved for the CMS heavy ion physics program to be successful during full luminosity running.  In this context, it is important to note that the CMS pixel detector, which is located closest to the beam-line, provides key vertex, tracking, and track seeding information for the entire silicon tracker, and this tracking information is what is combined with the muon detection capabilities of CMS to allow for the best muon momentum resolution of all the detectors at the LHC.  Preliminary dimuon results from 7-TeV p+p collisions already demonstrate the world-class capabilities of the CMS detector to measure and resolve the Z, J/, ’, and the  resonances.

The Scientific Merit of the Proposed Future Program

PHENIX

The FVTX will provide the capability to directly measure open charm and bottom, in the forward region allowing PHENIX to answer several crucial questions:

1)  What is the suppression of heavy quarks?  In particular – are bottom mesons suppressed?  What is the magnitude of charm quark flow; does the bottom quark flow?  If bottom flows, it would mean that the bottom quark was at least partially thermalized and that the interaction is so strong that non-pertubative methods must be used to understand the result.  The possibility of such measurements has spurred a tremendous amount of theoretical development and may give us an entirely new understanding of strongly interacting systems.

2)  As in the case of the J/, the suppression of charm/bottom could be in part due to cold nuclear effects. A direct measurement in d+Au collisions of charm/bottom production could clarify the issue.

3)  The FVTX will make a major contribution to our understanding of the suppression of the J/ in heavy ion collisions.  Lattice QCD calculations indicate that the ’ dissociates at a temperature below Tc while the J/ would not be screened until the temperature was above Tc.  Since the ’ feeds the J/, the observed suppression of the  could be entirely due to the dissociation of the ’.  A direct measurement of the suppression of the ’ would, of course, answer this question.  

The hardware and data analysis work being proposed by the LANL Heavy Ion Team is nicely integrated to answer these physics questions.

LHC/CMS

The proposed work on the Z0+jet analysis builds on the extensive studies and simulations performed over the last several years and will bring that significant effort to fruition.  the committee concurs with the 2009 DOE Office of Nuclear Physics review that this measurement will provide an unbiased measurement of the initial jet energy, allowing the recoiling jet to be use to probe the medium.  The outstanding CMS detection capabilities will in turn allow reconstruction of the full recoiling jet fragmentation function, thus providing new quantitative information on jet energy loss in the produced quark-gluon plasma.  While this Z0+jets concept is very promising, it needs further quantification.  The team should provide event rates, some sense of the time evolution of the QGP that the jet will sample, and how much fragmentation of the jet takes place within the plasma.  The group has already provided significant scientific leadership in this area.  In particular, LANL post-doc Catherine Silverstere has been the convener of the Dilepton Physics Interest Group and has been the critical catalyst to its viability and excitement.

The proposed work on solving the discovered CMS pixel readout issues is of critical value for the entire CMS heavy ion research program and must be solved before the planned full luminosity heavy ion run in FY’14.  Operation of the CMS detector in its design dead-time free configuration is a prerequisite for the planned use of the high level trigger to select heavy ion events of interest and to reduce the ~8000 Hz heavy-ion collision rate to the ~200 Hz maximal readout rate.  The LANL heavy-ion team, when it becomes a CMS member, would be the only heavy ion group currently in CMS with the expertise and knowledge to address this problem.  The proposed solution is elegant and appears to be technically feasible.  Information obtained from the LANL developed pixel frontend driver coupled to the data from the first low-luminosity heavy ion run in FY’11 will provide the necessary foundation for a solution to be prototyped, designed, constructed, and implemented during the FY’13 shutdown of the LHC in preparation for design luminosity running in FY’14.

E906

A second major thrust of the group is E906 at FNAL, which proposes to look at Drell-Yan in p+A collisions at 120 GeV, an energy regime where low-x shadowing effects should not be important. Since the two muons from Drell-Yan do not interact with the nuclear medium, any suppression effects will be entirely due to initial state parton energy loss. A further feature of this measurement is that when coupled with similar data at 800 GeV, the energy dependence of the energy loss process will be clarified.  This measurement will provide badly needed insight into the mechanism of partonic energy loss, an issue central to the entire enterprise of relativistic heavy ion collisions.

The leadership, creativity, and productivity of the group personnel

As implied by their accomplishments and the merit of their future plans, the committee judges the leadership, creativity and the productivity of the team to be excellent.  The concern for the committee is maintaining or improving the staff.  Any number of events could lead to attrition of key members that would make it impossible to meet commitments, exploit opportunities, and lead the community with new ideas.  LANL management is urged to pursue aggressively new hires needed to maintain and expand the competency.

Does LANL Play a Role Worthy of a National Laboratory?

The team’s technical and scientific achievements are certainly worthy of a national laboratory.  Their contributions as a national laboratory to PHENIX are only second to those of the home institution, Brookhaven National Laboratory.  In particular the LANL group has made excellent use of LANL resources in their use of LDRD funding, the proximity of excellent theoretical input (T-2), and talented engineering support. These resources have allowed them to develop the muon trackers, the FVTX detector, their involvement in E906 at FermiLab as well as laying a scientific and technical case for LANL involvement in CMS/LHC.

Thus their approach and the results they have achieved are only possible at a national laboratory.  No university group has the resources to have taken on all above technical and scientific challenges and to have effectively executed them. Indeed, their very success has opened the opportunities and responsibilities with which the group must now cope.

The feasibility of the plan given available resources

The committee has stated its concerns about the adequacy of the staffing level to execute the plan.  The committee was also informed that there is a plan to make two staff hires over the next few years, which would net an increase of one staff.  The committee recommends that management be more aggressive and seek three hires, i.e. a net increase of two staff.  If the financial resources can be found, an increase in the number of post-docs is also appropriate.

The concern about the potential loss of leadership is such that one of the hires is recommended to be a mid-career scientist who has demonstrated the leadership to influence the direction of the field.

The committee is ambivalent on how the team fractionates the responsibilities of its members.  On the one hand, having so many tasks keeps people from focusing and being effective.  On the other hand, the fractionation creates a stimulating intellectual atmosphere with lots of idea exchange as well as the ability to move staff to meet immediate needs.

The commitment of the team to PHENIX is strong, and they must meet their goals.  The team should realize that their continued support by the U.S. scientific community would be jeopardized if they do not remain strong in PHENIX.  Thus, PHENIX needs to remain the number one priority.  That said, CMS is a great scientific opportunity. As noted elsewhere, to pursue this option, LANL must become a CMS institute and a reasonable number of members of the team must become CMS collaborators.  These experiments plus E906 lead to the concerns on staffing levels.

Alignment of the Strategic Plan with DOE-NP and National Priorities

The group’s present activities are well aligned with the national priorities in heavy ion physics as established in the most recent NSAC Long Range Plan (LRP).  This alignment is, of course, evident in the group’s scientific activity at RHIC.  In addition, the proposed activity at the LHC is also to be found in the most recent NSAC LRP as a goal for dense matter circa 2014.  Parton energy loss in strongly interacting matter is a critical issue in the formation and study of the quark gluon plasma and is recognized as such as an NSAC milestone (DM12).  Unfortunately partonic energy loss is very poorly understood at present.  The LANL group is cognizant of this problem and is active in E906 at Fermilab. This experiment will provide a unique measurement of partonic energy loss in cold nuclear matter via the Drell-Yan process. The importance of this measurement to the heavy ion community is not yet widely appreciated within that community, but the committee believes that its critical role in characterizing partonic energy loss will be recognized upon the completion of E906.  The team should do what they can to educate the community in its public scientific presentations.

Appendix A – Charge
The charge to the committee is to make an assessment of the following:

· The significance of accomplishments to date

· The scientific merit of the proposed future program

· The leadership, creativity and productivity of the group personnel

· Does LANL play a role worthy of a national laboratory?

· The feasibility of the plan, given available resources

· Alignment of the strategic plan with DOE-NP and national community priorities

Appendix B – Agenda
   8:30 AM
Executive session

   9:15 AM
HI Program Overview – Melynda Brooks

   9:50 AM
RHIC Physics – Mike Leitch

 10:15
AM
Break

 10:30 AM
CMS HI Physics – Gerd Kunde

 12:00 PM
Working Lunch

   1:30 PM
Executive Session

   3:00 PM
Closeout

   3:30 PM
Report Writing

   6:00 PM
Adjourn

