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1 Introduction

The Los Alamos Heavy Ion program activities are centered in the Subatomic Physics group, P-25. Presently, our program is focused on the PHENIX experiment at RHIC, shown in Figure 1.  The personnel working on the RHIC physics program are supported by both the KB02 funds for the heavy ion program and by KB01 for the spin program. In this report we will concentrate on the efforts in the Heavy Ion program, KB02.
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Figure 1 The PHENIX detector, photographed during a maintenance period. The large conical detectors at the left and right of the photo are the two Muon Spectrometers, whose design and construction were led by LANL group P-25.

2 Current Personnel

The PHENIX team in P-25 is supported by KB01 and KB02 funding, LDRD support, and some construction funds from both the VTX and FVTX projects for engineering and management efforts.  The team is comprised of the following people:

PHENIX Team Leader:  Melynda Brooks

Staff Members: Hubert van Hecke, Xiaodong Jiang (new), Jon Kapustinsky, Gerd Kunde, David Lee, Michael Leitch, Ming Liu, Pat McGaughey, Walter Sondheim

Post-Docs:  Sergey Butsyk, Lei Guo (new), Han Liu, Camelia Mironov, Zhengyun You (new), Carlos Camacho (past), Paul Constantin (past), Anuj Purwar (past)

Students, Staff in-residence at LANL:  Hisham Albataineh (NMSU), Michael Malik (UNM), Xiaorong Wang (NMSU)

Out of these members, a total of approximately 4.2 FTEs of staff members and 2.0 FTEs of post-docs are funded by FY08 KB02 funds and the rest of the staff are supported by KB01, LDRD, and/or construction funds.  Although staff members work on both spin physics and heavy ion projects, the primary heavy ion workers are Melynda Brooks, Hubert van Hecke, Gerd Kunde, David Lee, Michael Leitch, and Pat McGaughey.  Jon Kapustinsky has recently joined our efforts, part time, working on the silicon vertex detectors and front-end electronics.

Some of the scientific roles that LANL holds and has held over the review period include :

PHENIX Detector Council Members:  Brooks (FVTX), Leitch (Muon Tracker)
PHENIX Subsystem managers: Lee (muon tracker mechanical, FVTX deputy)

PHENIX Executive Council: Leitch

PHENIX Institutional Board: Liu

Physics Working Group Convenors: Leitch (current Heavy/Light convenor), Brooks (former Heavy/Light convenor)

PHENIX SpinFest Organizer – Liu (BNL ’07, RIKEN ’07)

PHENIX Speaker’s Bureau:  Brooks (former member)

PHENIX Run Coordinator: Leitch (Run 07), Leitch (Run 08)

PHENIX Paper Writing Group members: All

PHENIX Period coordinators: Butsyk, Leitch, Liu

FVTX and VTX Mechanical Engineer: Sondheim

Co-convenor for “Forward Physics and p+A Collisions” working group for RHIC_II Science– Leitch

NSAC Long-Range Planning Committee – Lee

LANL LDRD PIs – Kunde (LHC), McGaughey (silicon vertex detector), Liu (energy loss using E906)
3 Scientific accomplishments for the period FY2004-FY2008

During the previous four-year period the Los Alamos group led a number of RHIC physics analyses, provided leadership and manpower for the maintenance and running of the muon tracking systems, and led the successful proposal of a Forward Silicon Vertex Detector Upgrade project (FVTX) for the PHENIX detector system.  In addition, through LANL LDRD funding, we have 1) studied the ability to use Z0-tagged jet measurements with the CMS detector at the LHC to provide new information about the in-medium effects of the QGP on jet production and fragmentation, 2) have provided much of the R&D as well as a prototype detector for the FVTX upgrade detector, and 3) are pursuing making the first ever unambiguous cold nuclear matter energy loss measurement using experiment E906 at FNAL.  With this work, we have been able to advance the understanding of cold nuclear matter effects on particle production, advanced the understanding of the properties of the matter formed in heavy ion collisions, and we are helping to ensure a long and vital physics program at PHENIX through the detector upgrades programs.

3.1 RHIC Analysis Efforts

Since the installation of the Muon Tracking detectors into PHENIX, much of the team’s time has been spent on data analyses and leading new physics initiatives.  Our recent analysis efforts have included leadership roles in producing the final results on di-hadron correlations at central rapidity, measuring J/y production in Au+Au collisions using the PHENIX muon detectors, producing new results analyzing J/y production in d+Au collisions (including a shadowing and energy loss extraction), making the first extraction of y’ from the PHENIX muon arms and the first extraction of direct open charm production from D(Kppusing the PHENIX central arm detectors. In addition, we have spent significant efforts studying and verifying the physics measurements that can be made with the muon arms in conjunction with the FVTX detector.

The LANL group has provided a large fraction of the muon simulation and reconstruction software that is used for physics analyses, and we continue to explore ways to extract new physics from the muon detectors.  With the addition of the FVTX detector, we have established via detailed simulations that we will be able to make the first ever precision flavor-tagged heavy flavor measurements at forward rapidity in Au+Au collisions at RHIC, allowing the energy loss mechanisms of partons in the quark gluon plasma to be understood in detail.  In addition, the mass resolution of the muon systems will be improved, allowing for a much more significant separation of the J/y and y’ and better measurement of upsilons.  With the addition of these vector meson measurements, plus precision open heavy flavor measurements, the magnitude of the contributions of Debye screening and recombination to charmonium production should be able to be understood for the first time at RHIC energies.

3.2 LDRD-Supported LHC Efforts

Through three years of LDRD ER support, we have been significantly advancing the CMS heavy ion simulation capabilities, and studying the possibility of measuring the leptonic decay of a high transverse momentum Z-boson in association with a hadronic jet at the LHC using the CMS detector.  This channel provides a unique QGP probe: the transverse momentum of the jet is highly correlated to that of the Z (both are equal and opposite) but the muon pair into which the Z0 decays does not couple with the medium whereas the opposite hadronic side does. Based on energy conservation between Z and the jet, a precise jet energy loss measurement can be made, which allows for a determination of the momentum fraction of the far side hadrons (i.e. the fragmentation function).  This is in contrast to RHIC measurements to date, which have provided inclusive single particle or hadron-hadron correlation measurements which do not allow any extraction of the initial jet energy.  After concluding the generator level studies for estimating the rates of both signal (Z0 jet) and background (heavy quark pair jet) and for studying their kinematical properties, we performed detailed detector simulations to study the detector reconstruction capabilities of the Z-boson. Our results have established that the rate of this hard probe is sufficiently high to make a measurement at heavy ion design luminosity, that the CMS detector is very efficient in identifying the Z, with high purity, and good resolution up to very high transverse momentum values, and we have put ourselves into a leadership position for carrying out this unique jet analysis with real data.

3.3 Muon Tracking Systems

Los Alamos physicists were responsible for the overall management of the Muon 
Tracker program, led the design and construction of chambers for both arms, and were responsible for the design and construction of the south muon electronics. The muon tracker systems have successfully collected data from all of the RHIC runs since Year 02, and LANL has throughout this period provided much of the effort needed to maintain, commission, and provide real time QA of the systems.  In addition, we have provided most of the software algorithms needed to simulate and reconstruct data from the muon arms for physics analyses and have led many of the physics analysis efforts associated with the muon systems, as is outlined above.

3.4 Forward Silicon Vertex Detectors (iFVTX and FVTX)

LANL is the lead institution for the new forward silicon vertex tracker (FVTX) upgrade project for the PHENIX detector.  The proposal for the FVTX was reviewed in July 2007 by the DOE for scientific merit and in November 2007 for technical cost and schedule. Construction start commenced in April 2008. During the past year(s) we made substantial technical progress, supported primarily by a $1.5M/year LANL LDRD grant which is to provide a prototype silicon vertex detector (called the iFVTX) and readout system.  For the FVTX project, LANL provided the oversight of first silicon sensor readout chip design (by FNAL), prototyped the first DAQ readout cards, is in the process of ordering the first prototype sensors, made the first layout of a high-density interconnect cable that will connect the readout chips to the DAQ cards, and provided an initial grounding and shielding plan.  In addition, we have led the efforts to simulate the physics performance of the FVTX detector and provided the oversight for the mechanical design work (carried out by HYTEC).  With this new silicon vertex detector, we will be able to make precision open heavy flavor measurements at forward rapidity, will significantly improve the performance of measuring vector mesons (such as J/y and y’) and will be able to untangle Drell-Yan signals from the dimuon continuum.

3.5 Barrel Silicon Vertex Detector Upgrade (VTX)

The silicon barrel vertex detector upgrade effort (VTX) began construction in 2007.  LANL is leading the mechanical engineering effort with HYTEC.  Walt Sondheim is the lead mechanical engineer for the project and Dave Lee is the liaison physicist.  Close coordination has been very important due to the need to seamlessly integrate the FVTX into the VTX enclosure.  The VTX designs have progressed substantially and with support from LANL base program a full set of combined VTX/FVTX thermal, cooling, and vibrational analysis has been finished.
4 4-Year Research Plan for FY2008 – FY2012
4.1 LANL Research Goals and Milestones

Our main area of interest is to further our understanding of cold nuclear matter and the matter formed in heavy ion collisions using the PHENIX detector at RHIC.  We will do this through study of vector meson production, open heavy flavor production, and jet correlation measurements that will give us insight into the shadowing, energy loss, and absorption cross sections in cold nuclear matter, and the energy loss, screening, and recombination in the QGP.  To help facilitate these measurements, we will maintain our support of the Muon Tracking systems of PHENIX and will be leading the effort to build, install and take data with a new forward silicon vertex detector (FVTX).  In addition, we are proposing to perform heavy ion analyses using the CMS detector at the LHC.

Our research goals for the next four years are:

· Analyze new forward rapidity J/ and heavy flavor via single muon data from RHIC Run 8.

· Extract the cold nuclear matter contributions of shadowing, absorption, and energy loss using the above measurements.

· Use LDRD funds to pursue unambiguous cold nuclear matter energy loss measurement using FNAL E906.

· Expand and improve the vector meson measurements that can be made with the PHENIX muon arms.  Both ’  and upsilon measurements will be pursued with the current detector and with the detector plus the FVTX upgrade detector.

· Continue to pursue the reconstruction of D(K using the PHENIX central arm detectors.

· Lead the efforts to construct and install into PHENIX a new forward silicon vertex detector.

· Analyze first data from the iFVTX/FVTX detectors and muon arms, to get first precision forward rapidity open heavy flavor measurements from RHIC.

· Analyze improved vector meson data using the FVTX detector and muon arms.

· Analyze first p+p and heavy ion data from the CMS detector at the LHC, aiming to look specifically for Z0-tagged and heavy quark-tagged jet events.

· Map jet shapes for p+p and Pb+Pb at CMS, both as a function of the cone radius and the transverse momentum distribution of particles, and compare with theory.
· Co-lead the effort to construct and install a pixel luminosity telescope for CMS (proposed LDRD, P-23 personnel included)

4.2 Physics Analyses

The next few year’s of RHIC running are expected to bring more p+p and Au+Au runs, a beam energy scan, and possibly some running with different ions, such as uranium on uranium.  We do not expect the near-term runs to allow significant improvement in the physics channels that we have studied recently (for example, J/y production and hadron-hadron correlations in Au+Au), so we expect to spend our time understanding the cold-nuclear matter effects on particle production with the latest (2008) d+Au RHIC run, expanding into new physics analysis efforts at RHIC, leading the construction effort of the FVTX detector (and preparing for future data analyses with this detector) and studying partonic energy loss at the LHC.

The RHIC Year 2008 d+Au run will significantly improve the physics measurements that were made with Year 2003 d+Au, providing a factor of approximately 30 times more statistics.  With these increased statistics, the ambiguity in the interpretation of cold nuclear matter effects and the uncertainty in the extrapolation of these to Au+Au collisions should be largely removed, allowing for a much cleaner interpretation of the modification of particle production in Au+Au collisions.  LANL expects to continue to be a leader in the analysis of the J/y, hadron and single muon data from the forward rapidity muon arms, and will work closely with theorists to interpret the cold nuclear matter effects, as we have in the past.

We are also working to advance our understanding of quarkonia production by adding y’ and upsilon measurements to the J/y measurements that are currently available from the muon arms.  The addition of the FVTX detector will ultimately significantly improve our ability to separate the J/y and y’ peaks, but we can get some crude measurements of y’ production now with a careful fitting of the continuum background and the J/y and y’ mass peaks.  Also, by tuning the performance of the muon arms now to get the best possible dimuon performance, we will help ensure that when the FVTX detector is in place that we can take full advantage of the improved mass resolution that the FVTX will bring.  We are therefore working on extracting y’ counts from the p+p, d+Au and Au+Au data sets now and will work carefully on tuning the reconstruction parameters that affect the mass resolution:  alignment of the detector components, refinement of the extracted detector hit positions (resolution), improvement of the fitting in the magnetic field and extrapolation of the tracks to the vertex point.  With this work we expect to (1) provide the first y’ measurement (2) improve muon spectrometer performance and allow better J/y and y’ peak separations now, as well as with the FVTX,  (3) improve overall muon spectrometer performance at high pT, which is critical for future single-muon measurements such as open heavy flavor from single muons and W measurements via single muons.

In addition, we have already produced first results on the first direct open charm measurement in PHENIX via the channel D0(Kpp, and will continue work on this channel so that we can extract cross sections and carry out the measurement in d+Au and A+A systems, if possible.  This measurement will be further improved when the silicon vertex detectors are available to tag the displaced vertex of D(Kpp events (thus significantly suppressing combinatorial backgrounds), and will provide a complimentary open charm measurement to the single lepton measurements.  By developing the analysis framework for this channel now, we will be well-poised to carry out the improved measurements when the vertex trackers become available.
4.2.1 Understanding Cold Nuclear Matter Effects on Particle Production

The Los Alamos group has long been interested in the fundamental physics of QCD processes embedded in normal nuclei or cold nuclear matter (CNM).  Some of the CNM physics processes we are interested in studying are 1) the modification of parton structure in nuclei, e.g. gluon or quark shadowing, or the saturation of gluons at small momentum fraction, 2) the energy loss of partons in cold nuclear matter, 3) and for bound states of heavy quarks such as the J/(, the absorption or dissociation in the final state of the precursor heavy-quark pairs that might otherwise form a J/(.  At RHIC we have continued to lead these efforts through the promotion and analysis of d+Au physics with emphasis on signals in the muon arms including the J/( and other vector mesons, hadrons, and open heavy flavor.  An understanding of this cold nuclear matter physics is also essential for studies of heavy-ion collisions where one has to constrain the cold nuclear matter effects on a signal before one can determine what new effects from the hot-dense environment created in central heavy-ion collisions are present.
Since the original analysis of the Year 2003 d+Au data for J/( suppression
, new higher statistics proton-proton data have become available (Run 05)
, and analysis methods have progressed.  To take advantage of this new data and the advanced software, we analyzed the 2005 p+p data and reanalyzed the older 2003 d+Au data and obtained improved measurements of the modification of J/( production in the presence of cold nuclear
.  Using these new results, we did a careful quantitative analysis in the context of cold nuclear matter model calculations to determine the most probable values for the dissociation cross section for two different shadowing models.  The theoretical calculations used for this exercise were obtained from Ramona Vogt
.  The resulting RdAu values (RdAu is the ratio of J/y production in d+Au to scaled p+p production) and error bands compared to the data are shown in Figure 2 for EKS
 shadowing.  A similar analysis using the NDSG shadowing gives a dissociation cross section of 2.2 +1.6 –1.5 mb which is consistent with the 2.8 +1.7 –1.4 mb shown here for EKS shadowing.
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Figure 2 - Constraint of cold nuclear matter (CNM) calculations with our d+Au J/( data. The yellow band represents the best fit to the data for one (EKS) of the shadowing models.

Using the same theoretical model with the dissociation cross sections and shadowing models that were fit to the d+Au data, we are able to make consistent predictions for cold nuclear matter effects in Au+Au collisions.  These predictions are shown versus centrality in Figure 3 (yellow band), along with mid-rapidity data from the PHENIX central arms (blue points), and in Figure 4 for forward rapidity with the PHENIX muon arm data.  Given the present large size of the prediction error bands (caused by the large d+Au data uncertainties) the majority of the mid-rapidity Au+Au suppression can be attributed to CNM effects.  However, at forward rapidity the predictions fall substantially short and appear to leave room for additional physics.
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Figure 3 - Predicted cold nuclear matter effects for J/( suppression in Au+Au collisions at central rapidity. The black bordered yellow band represents the CNM for the EKS shadowing model as constrained (above) by fititng the d+Au data, while the red linesoutline the same for NDSG shadowing.
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Figure 4 - Predicted cold nuclear matter effects for J/( suppression in Au+Au collisions at forward rapidity. The black bordered yellow band represents the CNM for the EKS shadowing model as constrained (above) by fititng the d+Au data, while the red lines outline the same for NDSG shadowing.
We should note, though, that these simple models, containing only shadowing and dissociation, probably do not represent all possible descriptions of the data.  In particular, models for gluon saturation such as the Color-Glass-Condensate model
, predict a substantial increase in the suppression compared to the above study and therefore may reproduce a larger fraction of the observed Au+Au forward rapidity suppression.  The traditional shadowing models discussed here all exhibit anti-shadowing, i.e. a substantial decrease in suppression or even enhancement at negative rapidity.  If instead gluon saturation results in a flat negative rapidity suppression (or enhancement) then the suppression at forward rapidity would be much stronger in Au+Au collisions than that at mid rapidity.  

Finally, there is little knowledge about how much energy loss of the incoming partons in the nuclear medium might contribute to suppression in particle production.  Although early predictions stated that partonic energy loss in CNM should be small at RHIC energies, others
 have postulated that energy loss is likely not small, and RHIC data can be better explained if significant energy loss of the incoming partons is included in particle production models.    This is illustrated in Figure 5 where PHENIX data for pion RdA (left) and heavy flavor RdA (right) are shown compared to model predictions which include shadowing and no energy loss (top) and compared to shadowing plus energy loss (bottom).   As can be seen, the model which includes no energy loss falls short of the data but the model with energy loss fits the data reasonably well.  If energy loss contributes significantly to the suppression of particle production then, in the case of the J/( discussed above, the suppression at forward rapidities would be even stronger than most shadowing models alone would give and models with a smaller amount of shadowing might be favored.  

A systematic study of particle production in different channels, and with improved statistics will be necessary to untangle the various CNM effects.  We outline below how we plan to participate in this program.
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Figure 5 measurements from PHENIX, versus pT, for pions (left) and open heavy flavor (right) compared to model predictions which include shadowing and no energy loss (top) or shadowing with energy loss (bottom).

Clearly our understanding of J/( suppression in heavy-ion collisions and the question of whether a deconfined QGP is the predominant cause of this suppression is limited by the poor accuracy of the 2003 d+Au data.  We have argued for several years that a higher quality d+Au data set was sorely needed.  One of us, Mike Leitch, volunteered to be Run Coordinator for the 2007 and 2008 runs, in part in order to assure that a high quality d+Au data set was obtained.  Finally, in 2008, under Mike’s leadership, the PHENIX experiment recorded over 30 times the integrated luminosity that had been obtained in the previous 2003 run.  Approximately 77,000 J/(s will come from analysis of the full 80 nb-1 data sample and this J/( sample represents the largest sample at RHIC so far.

Figure 6 shows that the projected improvement in the constraint of the d+Au CNM effects will be substantial – the red band versus the blue band in the figure.  This improvement should remove the d+Au baseline as the dominant uncertainty in the theoretical understanding of J/( suppression in A+A collisions.  In addition it should allow a substantially more quantitative analysis of the intrinsic CNM physics, and hopefully allow differentiation between traditional gluon shadowing and gluon saturation models for the strong suppression in the so called shadowing region at large rapidity or small momentum fraction (x) of the gluon in the Au nucleus.  The expected improvement of the CNM constraints from the d+Au data on the Au+Au data analysis are shown in Figure 7.
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Figure 6 - Projection for improvment in the d+Au J/( CNM constraint as it was calculated as part of the argument for a new d+Au run before the 2008 run. The bands show the range of suppression expected from the new data (red) compared to those determined from the previous 2003 data (blue).
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Figure 7 - Expected improvement in the significance of the CNM expectations for Au+Au and Cu+Cu collisions from the 2008 d+Au data (red bands) compared to the old constraints from the 2003 d+Au data (blue bands)

As was mentioned above, the higher statistics d+Au run will help considerably in improving the measurements of cold nuclear matter effects on J/y production, for example, but there will remain some ambiguity in determining how much the individual components of shadowing, energy loss, and absorption contribute to the modification of particle production in d+Au collisions.  With this uncertainty, there will remain theoretical uncertainty in the extrapolation to Au+Au collisions.  To address this ambiguity, we also plan to work on measuring open charm in d+Au collisions at forward rapidities, to add other vector meson measurements (such as y’) to the J/y measurements, to analyze Drell-Yan data from the FNAL E906 experiment, and we will participate in analyzing much-improved open heavy flavor and Drell-Yan data using the PHENIX experiment when the FVTX detector becomes available.  By adding open charm and Drell-Yan measurements to the J/y measurements, and measuring Drell-Yan at a lower energy, a separation of the cold nuclear matter effects should be within reach.  Drell-Yan production suffers no cold nuclear matter final state effects (the muons do not interact with the nuclear medium) so it provides a unique probe for studying initial state interactions such as initial state quark energy loss.  Open heavy flavor measurements, coupled with J/y measurements will allow differentiation between shadowing effects (which at least in some models will be common between the two) and dissociation (which only occurs for the c-cbar precursor or hadronized J/y).

With the FVTX detector in place, as was mentioned previously, the accuracy in extracting the J/( yield will be considerably improved both through better separation from the (’ because of better mass resolution and by reducing the combinatoric background underneath the peaks from pion and Kaon decays. Also (’ measurements will be enormously improved.  In addition we expect to be able to make measurements of the (C by detecting a photon in the Nose Cone Calorimeter (another PHENIX upgrade) in coincidence with a J/( in the muon arm.

Since the different vector mesons (J/(, (’, (C and () all have different binding energies and sizes, their interaction with the nuclear medium can be quite different.  To explore these differences and to fully understand the configuration of the heavy-quark pairs that hadronize into the different vector mesons is fundamental to the description of the production process in nuclei.  These differences also need to be quantified as a baseline in order to use the various vector mesons as tools for probing the hot-dense matter created in heavy-ion collisions.

We can currently measure open heavy flavor in the muon arms via single muons, but past measurements have suffered from small statistics as well as significant systematic errors in the measurements because of large hadronic backgrounds.  The new Run 8 data set will address the lack of statistics and with the addition of the FVTX detector, our systematic errors will be significantly reduced because the FVTX detector will provide significant rejection of hadronic backgrounds.  By making these new measurements, and coupling them with the new J/y measurements, we expect the extraction of shadowing, and absorption cross sections, especially, to be able to be performed with much higher precision.  

In addition to measuring open heavy flavor via single muons, our group has recently produced the first result of reconstructing D0(K- with the central arm detectors.  The main idea behind the analysis is to use the PHENIX capability to trigger events with high energy photons.  The triggered event sample is effectively enhanced by a factor of 50, compared to the regular Minimum Bias trigger sample.  The trigger high energy photons are later combined with remaining detected photons in the event and the p0 is reconstructed in the 0( decay channel.  The invariant mass of this 0 with any opposite sign charged hadron pair (shown in Figure 8) shows a clear peak in the region of the expected D0 meson signal.  The width of the peak agrees well with expectations from full detector response simulation.  The use of the triggered data restricts the momentum range of the D meson to pT > 5 GeV/c.  We will continue our efforts on this channel (verifying the signal and calculating all the correction factors so we can extract cross sections) as it can provide an important cross check on other open heavy flavor measurements.  Energy loss contributions can also be addressed with these heavy flavor measurements, but we expect this to be done much better with a low energy Drell-Yan experiment which we will discuss in the following section.
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Figure 8  The invariant mass spectrum for three particle decays with a tagged p0, plus two hadrons.  The peak of reconstructed D0s is shown with a Gaussian fit and the PDB mass value.

We plan to actively participate in the construction of the FNAL E906 experiment in preparation for data taking in 2009 through support from LANL LDRD funds.  FNAL Experiment E906 will provide a measurement of dbar/ubar in the proton, significantly extending the kinematic range of the same measurement that was made by FNAL experiment E866.  The E866 experiment was led by members of the LANL Medium Energy Physics team, and we are very interested in helping to make this follow-on experiment a success.  To this end, we previously committed to building a new muon identifier system and helping develop the data analysis software for the E906 experiment.  In the mean time, it was appreciated by group members that the same experiment could be used to make an unambiguous measurement of parton (quark) energy loss in nuclear matter – a physics measurement which would provide critical information needed to untangle the various particle interactions in heavy ion collisions.   The measurement capabilities of the E906 experiment are illustrated in Figure 9 where the scaled ratio of the p+A cross section to the p+d cross section is shown versus x1 and for different nuclear targets.  The beam energy for E906 is such that the particle production measurements will fall outside of the region where shadowing would contribute to production modification, and since Drell-Yan does not suffer from final-state effects, all particle production modification can be attributed to quark energy loss within the medium.   By measuring the production versus x1 for different atomic number targets we will be able to extract for the first time both the magnitude and the functional form of quark energy loss in nuclear matter.   The PHENIX team members, along with T-division, submitted an LDRD ER proposal to cover hardware needed for E906 and theoretical and experimental efforts needed to carry out this analysis, and were awarded an ER for FY08 – FY10.  We will use this ER to not only allow us to obtain this critically important new measurement which is needed for the RHIC heavy ion program, but to also help the baseline E906 experiment at the same time. There is currently some uncertainty as to whether E906 will be able to be carried out at FNAL or not because of beam line funding limitations.  If FNAL is not able to support the experiment, then our LDRD efforts will focus on studies of the feasibility to carry out the same experiment(s) at JPARC in the future.
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Figure 9 Drell-Yan measurements via dimuons at E906. Left plot shows the suppression in Drell-Yan production in p+A collisions as a function of x1 under various quark energy loss assumptions; the right plot shows the A-dependence of Drell-Yan suppression in two different energy loss models.

We can summarize some of our main cold nuclear matter thrusts for the future as:

· Lead the analysis and physics of cold nuclear matter effects in the heavy-quark sector using J/( and single muons from open heavy flavor, and extrapolate these cold nuclear matter effects to A+A collisions.

· Study gluon saturation and energy loss using various heavy-quark probes in d+Au collisions.

· Lead the design, construction and installation of a forward silicon vertex detector in PHENIX that will allow cleaner and more definitive measurements of both hidden and open heavy-quark production. 

· Lead analysis efforts in heavy flavor using single muons with the Muon Detectors and the FVTX detectors once the FVTX is installed.

· Participate in experiment E906, supported by our LDRD grant, to provide muon identifier and understand partonic energy loss in cold nuclear matter.

Mike Leitch expects to spend approximately 60% of his time on the J/y analysis, with the help of a post-doc, and Ming Liu and Melynda Brooks expect to spend approximately 25% of their time, along with some post-doctoral help, on adding new vector meson analysis measurements.  Ming Liu and Pat McGaughey will lead the E906 experimental effort and Ivan Vitev will lead the theoretical effort.

4.2.2 Understanding Energy Loss Mechanisms in the QGP

One of the most significant physics results produced in the first several years of RHIC operations was the measurement of strong suppression of high-pT light meson particle production in Au+Au collisions.  This is illustrated by measurements with the PHENIX detector, shown in Figure 10.  The left-hand side of the figure shows the suppression factor for charged and neutral pion production in Au+Au and d+Au collisions, with respect to p+p collisions.  The suppression factor for d+Au is typically greater than 1 while the suppression for Au+Au collisions is approximately 0.2.  Taken together, these measurements indicate that the large suppression seen in Au+Au collisions comes from final state interactions with the produced medium and is not due to initial state interactions or interactions within the Au nuclei. This statement is further supported by the data shown in the right-hand side of the figure where the light meson suppression factor for Au+Au collisions is shown compared to a direct photon measurement.  The direct photons, which do not interact with the medium, show no suppression with respect to p+p collisions.    The strong suppression observed for the light mesons is interpreted as radiative energy loss of the outgoing particles or jets
,
,
 in dense matter with densities up to 15 times normal nuclear matter inferred. This energy loss shifts the produced particle spectra to lower energy, effectively suppressing the production at a given pT.   
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Figure 10  The RAA, RdA modification factors that were measured for pion production in PHENIX are shown in the left-hand figure.  The right-hand figure shows the RAA for pion production compared to the RAA measured for direct photons.

If the light meson suppression is assumed to come entirely from radiative energy loss of the light quarks as they traverse the collision-induced medium, then the medium density can be extracted and predictions of heavy flavor suppression can be made.  These predictions were made, based on the early RHIC data and very little suppression of heavy flavor particle production was predicted
.  In contrast to this prediction, large suppression was measured using single leptons, as shown in Figure 11 where the RAA modification factor is shown versus pT for open heavy flavor, measured via single electrons at central rapidity in the PHENIX detector.
In a search for an explanation of this unexpected large suppression, theorists have postulated that additional energy loss mechanisms beyond radiative energy loss are
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Figure 11 Heavy flavor meson suppression and flow vs pT from PHENIX measurements using electrons in 200 GeV Au+Au collisions at mid rapidity
.

responsible for causing heavy flavor particle production to be suppressed at near the same level as light flavor particle production
,
,
,
.  The additional energy loss mechanisms postulated include parton collisional energy loss and dissociation/reformation of heavy flavor mesons (which have short formation times compared to the time it takes to traverse the medium).  The theories can all qualitatively explain the existing data, but predict different quark-mass and pT dependent suppressions for higher precision data, as illustrated in Figure 12.  In this figure, the pT dependence of RAA is shown for open charm (left) and beauty (right) for an energy loss model which includes radiative and collisional energy loss (blue) and one that includes radiative energy loss and collisional dissociation (purple).  As can be seen, the collisional dissociation model predicts significant suppression of both beauty and charm at moderate to large pT, whereas the collisional energy loss predicts much less suppression of beauty compared to charm, and very different pT dependence.  
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Figure 12 The charm (left) and beauty (right) RAA measurements predicted for two different energy loss models (blue containing radiative and collisional energy loss and purlple containing radiative energy loss and collisional dissociation) are shown versus pT.
Our group will be working over the next four years to provide the high precision heavy flavor data that are needed to test these new models by building the FVTX detector and then analyzing single lepton data collected by the FVTX and muon arm detectors.  The measurements that can be made with the FVTX detector are also shown in Figure 12, for one year of RHIC data taking.  With the FVTX detector, we will be able to tag single track displaced vertices, allowing hadronic backgrounds that contribute to the single particle spectra to be significantly reduced,  and we will be able to cleanly separate the charm and beauty contributions.

Our group will plan to spend approximately 2.4 FTEs of staff member effort and 1.5 FTEs of post-doctoral effort building the FVTX detector and continuing to develop the analysis tools needed to analyze the data (partially covered by KB02 and partially covered by other funding sources).  Group members working on this effort include Melynda Brooks and Dave Lee as Project and Deputy Project managers, Jon Kapustinsky oversees the readout chip and sensor development, Pat McGaughey, Sergey Butsyk and Melynda Brooks are working on electronics development, Hubert van Hecke, Dave Lee, Melynda Brooks work on simulation and reconstruction software, Dave Lee and Walt Sondheim oversee the mechanical engineering efforts, and various post-doctoral support is expected throughout the project.  This effort will then naturally transition into an analysis team that will analyze data from the FVTX detector as it becomes available.

Information about energy loss mechanisms that is complementary to the precision heavy flavor measurements can be obtained through studies of the changes in jet structure in A+A collisions compared to p+p collisions.  We propose to carry out an integrated program of measurements at RHIC and the LHC.  Our group members (Paul Constantin and Gerd Kunde) have led efforts to use hadron-hadron correlation measurements at RHIC to provide additional information about the light quark interactions with the medium that cannot be obtained with single particle inclusive measurements.  By triggering on a high pT hadron in A+A events, and looking at the other hadrons that are correlated with the trigger hadron in an event, the modification of the far side jet (with respect to p+p) can be extracted.  Figure 13 shows the results of hadron-hadron correlation measurements (that our group worked on) for Au+Au collisions.  Plotted is the azimuthal angle difference, Df, between the trigger hadron and the associated hadrons in the event.  Particles that are part of the same jet as the trigger particle show up in the plot near Df=0 and the opposite-side jet particles appear at approximately pi.  The fascinating result from these measurements was that the opposite-side jet was found to be not only suppressed compared to the trigger jet, but the shape of the distribution was also significantly modified compared to p+p collisions.  The interpretation of this modification is still under debate among theorists, but certainly indicates that the jet structure itself undergoes significant modification as it traverses the medium.
Although the RHIC measurements to date are quite interesting, RHIC jet measurements have limitations in testing models because the original jet energy is unknown, and measurements such as RAA and JAA integrate over an unknown range of jet energies.  Therefore, the exact modifications of the jet in the medium must be inferred using models. We plan to work on jet measurements at the LHC which will overcome this limitation.
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Figure 13  The measured correlation C(Df) (squares) and the dijet correlation J(Df) (circles with boxes) in central Au+Au collisions at 200 GeV.  The full line shows the background term and the dotted line shows a C(Df) fit.

With the advent of the LHC and its high yields of hard probes, we can trigger on Z0s that are produced in conjunction with an away-side jet and measure directly the initial jet energy, as we outlined in 3.2.  We established over the last two years under LDRD ER funding (Camelia Mironov, Paul Constantin, Gerd Kunde) that unambiguous tagging of jets will be feasible; first in generator studies [QM2006, CMS Physics TDR: Hot Matter QCD] and last year in full simulations using the CMS software [CMS analysis note].  In our analysis, the Z is reconstructed via its two muon decay, (measuring muons is the forte of CMS), and the jet is analyzed via the tracking and calorimetry.  For the first time this tagging will allow us to directly measure the initial energy of the jet, before it traverses the medium.  This technique will allow us to replace the variable RAA(pT), used in RHIC analyses, with the direct measurement of the ratio of fragmentation functions, DAA(z), measured in the medium compared to the p+p case, where z is the fraction of the initial jet momentum carried by the measured hadron.  The new variable DAA will allow for a much cleaner comparison to theory and will lead to a direct measurement of the opacity of the QGP.  The CMS measurement capabilities that we have simulated are shown in Figure 14 where the Z0-jet tagged peak (left) is shown to be clearly dominant over the background contributions from heavy flavor decay, showing that Z-jet tagging is feasible.  The measurement precision of  the fragmentation function D(z) versus z is shown in the right-hand side of the figure, for one month of running at 1/20th of LHC design luminosity.  This corresponds to 1000 Z0-tagged jets.

Figure 15 shows the effect that we are proposing to measure.  In this figure, one energy loss model
 has been used to calculate the number of hadrons that are produced for Z0-tagged jets in vacuum (dashed lines) and Z0-tagged jets in a QGP medium (solid lines) versus the hadron momentum fraction, z=phadron/pjet.  Both quark and gluon jets are shown.  The ratio of the QGP jets to the vacuum (p+p) jets, the experimental observable, is shown in the inset.  As can be seen, large effects are expected, relative to our measurement error bars.
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Figure 14  Left panel shows the simulated dimuon spectrum for dimuons from Z0-tagged jet events and the dominant background contributors from heavy flavor.  The right panel shows the D(z) measurement for one month of running at 1/20th of LHC design luminosity.
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Figure 15  Predicted D(z) for vacuum fragmentation (dashed lines) compared to QGP-modified fragmentation (solid lines) for Z0-tagged jet particles.  The insert demonstrates that the experimentally observable effect  is more than a factor fo 10 for gluons and more than a factor of 4 for quarks over large parts of the experimentally accessible phase space.

At present (RHIC), measurements of hard processes are limited to single particles and particle correlations, which are only the leading fragments of a jet.  Over the past couple of years such measurements have revealed their inherent limitations: the inability to distinguish between phenomenological models of radiative and collisional energy loss and, consequently, a large uncertainty in the extracted QGP properties. The physics of jet shapes and jet topologies, being directly connected to perturbative QCD theory and precisely tuned to determine the energy flow in strongly interacting systems, has tremendous potential to overcome these limitations.  While jet shape measurements are not possible in heavy ion collisions at RHIC, the rates for high-energy jets at the LHC provide for a clear separation between jet fragments and the underlying soft hadronic backgrounds. We propose to map the jet shape both as a function of the jet cone radius and the transverse momentum distribution of particles with respect to the center of the jet.  These differential measures will be more sensitive to different aspects of partonic energy loss than the integrated variables discussed above and therefore place strong constraints on the various energy loss models.  Our experience at RHIC has taught us that the heavy ion measurements need to have well established p+p base lines. Thus, we also propose to perform these analyses for nucleon nucleon collisions at the LHC.  I. Vitev has recently begun a parallel effort at LANL to develop a theory of jet shapes (Figure 16).
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Figure 16. Numerical simulation of an ET = 50 GeV jet shape for central Pb+Pb collisions at the LHC, from I. Vitev. The energy distribution of the jet is shown as a function of the angle relative to the center of the jet.

CMS has the capability to identify jets that were generated by the fragmentation of a charm or a beauty quark.  We propose to use these events to gain insight into the quark mass dependence of energy loss.  Such a measurement would also shed light on the production mechanisms of heavy quarks, an area in which there is still much theoretical debate.  The tagging of heavy flavor jets is done via the semi-leptonic decay of a leading heavy meson which decays to a muon, where the muon is displaced from the collision vertex.  We have performed an NLO simulation of QQ+jet  events at CMS, using the pair of muons from the heavy quark decays to tag the jet.  The resulting invariant mass distribution was shown in Figure 14.  The continuum below the Z0 mass peak is dominated by beauty decays. With a simple (( cut applied to the leptons, a clean sample of beauty events can be obtained with excellent rates.
Our current LDRD support for LHC work will end at the end of FY08.  To support future efforts, we have submitted a proposal for a new LANL LDRD DR project that would provide support for a small team of LANL experimentalists and theoreticians to join the CMS collaboration, carry out this physics analysis that we have developed, and advance the heavy ion theory (I. Vitev) that will facilitate interpretation of the results.  If funded, we would lead precision jet radiographic measurements of the quark-gluon plasma and would also co-lead the construction (P-23 personnel) of a diamond pixel based luminosity monitor that is capable of a determination with 1% uncertainty.  This detector is needed for future CMS cross section measurements at the LHC and specifically for the Heavy Ion program as the p+p baseline for the heavy ion program is measured at a much higher center of mass energy and therefore must be extrapolated to 5.5 TeV from the higher energy measurements via precision QCD calculations.  This DR grant would take advantage of the experimental and theoretical expertise at the laboratory in High Energy Nuclear physics to provide new information on the evolution of the QGP:  we would provide precision tomography of the QGP via jets, supported by a lattice QCD determination of the Equation of State.  

We have been invited to join the collaboration because of our unique skill set: experience making muon measurements in the high multiplicity environment of heavy ion collisions at RHIC (the PHENIX muon arms), vertex tracking in heavy ion  collisions (LDRD-DR and FVTX) and our demonstrated analysis skills in p+p and A+A collisions.  Both the CMS Heavy-Ion US and CMS-US spokespersons asked us to contribute and join the experiment when they did a LANL site visit.  

The significant internal contributions from the laboratory already ($750k over the last three years, plus significant internal comp;uter resources) has additionally allowed us to become expert in the CMS simulation and reconstruction software that will be needed to carry out the analyses that we propose.  Taken together, our heavy ion expertise in physics of dimuon analyses, hadron correlation measurements, and the specific CMS software expertise that we have gained puts us in a unique leading position to produce new physics measurements from CMS.

This early involvement with the CMS physics program would pave the way for us to transition to a program of significant efforts at both the LHC and RHIC.  After the FVTX heavy quark and spin measurements at PHENIX are completed, we anticipate that a larger fraction of the team will become involved with the heavy ion program at CMS, as it represents the next energy frontier and will provide complimentary measurements to those we will be attaining at RHIC.  LDRD funding would allow us to add the necessary manpower to begin participation now, at the beginning of LHC running, without having any impact on our participation in PHENIX.  If we are unable to obtain this funding, we still propose to participate in the LHC program, but at a much smaller level using DOE funding until our objectives at RHIC have been achieved.  We propose that the minimal amount of effort required to sustain an LHC program would be 0.5 FTE staff and 0.5 FTE post-doc.  With this effort, we could continue the first analysis of p+p Z0-tagged jets, which we expect to start this FY if the LHC run schedule is maintained.  We will then transition to heavy ion analysis once the first AA run takes place at the LHC.
4.2.3 Screening and Recombination in Quarkonia Production
J/ production in heavy ion collisions has long been considered a very sensitive probe of the quark gluon plasma.  Its formation is expected to be suppressed because the c and cbar pair are screened from each other by the high density of quarks and gluons in the plasma, and they cannot form a bound state.  However, the J/ production is a complicated process that is potentially modified at several stages of the collision process.  In addition to the cold nuclear matter modifications to production that were discussed in 4.2.1, if contributions to the production from recombination are large enough (if the charm density is high enough) the J/y production can be enhanced relative to p+p collisions, but at the same time one can have suppression relative to p+p production due to the screening mentioned above.  Untangling the particle production and modification in AA collisions will require a careful and systematic study of several measurements, but should result in a clear understanding of how the plasma screens particle production and will add important information about the contributions recombination makes to particle production.

The most recent J/ RAA measurements from PHENIX are shown in Figure 17, where one can see a large suppression at central rapidity (red points) and a substantial difference in suppression between mid and forward rapidity for the mid-central collisions. The suppression measured at central rapidity is similar to the amount of suppression measured at lower energies at the SPS, though many predictions expected the suppression to be larger at RHIC because of the higher density state that is achieved at RHIC energies. Recombination of c and cbar pairs would enhance production and may account for less suppression than expected at RHIC.  This can, in principle, be checked with precision pT and rapidity distribution measurements (which are different for J/ from recombination than from prompt production) and by having precise open charm measurements so that we can estimate the contributions from recombination.  The difference in suppression at forward rapidity compared to central rapidity may also come from cold nuclear matter effects, which tend to give larger suppression at forward rapidity, but this cannot be precisely checked
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Figure 17  J/( results for 200 GeV Au+Au collisions
 are shown in the left-hand figure : (a) (top) nuclear modification factor for J/( at mid (red) and forward (blue) rapidity, and (b) (bottom) the ratio of these suppressions for forward/mid rapidity, all vs centrality in terms of the number of participants (Npart).

currently because of the poor precision of d+Au collision data.   We hope to rectify this situation with our analysis of the new d+Au Run 8 data set.  The Debye screening effects can be checked by looking at other vector mesons like ’ and upsilon because the different sizes of the different vector mesons lead to different suppressions within the plasma.

For the above J/y measurement, LANL played significant roles in the analysis by providing a large fraction of the reconstruction software which allowed dimuons to be reconstructed inside the high multiplicity of heavy ion events, much of the simulation software which was necessary to produce the efficiency correction factors for the measurement, and we led the production of the first preliminary result (workers on above software and analysis tasks were primarily Melynda Brooks, Pat McGaughey, Mike Leitch).  We continued to play a significant role in the analysis through to final publication.  We now plan to shift our focus to the new measurements that can be made of other vector mesons and open heavy flavor, especially with the FVTX detector.

The FVTX detector can help untangle the mechanisms that modify J/ production in heavy-ion collisions by, (1) allowing for precision open charm measurements which help in the understanding of the initial c and cbar production, (2) improving the J/ measurements by reducing the background dimuons from  and K decay and improving the J/ mass resolution, which will allow more precise measurements to be made for a given integrated luminosity, and  (3) allowing additional vector meson measurements like ’ , and ( at mid-rapidity using the muon arms to be added to the suite of PHENIX measurements.  The open charm measurements have already been covered, so we show here the improvement to the vector meson measurements.

Figure 18 shows the estimated composition of the background in the J/( mass region in the left-hand figure.  The vertical axis is the ratio of background events containing a hadron decay muon (these muons can be rejected by the FVTX) to the total background.  As this plot indicates, the FVTX detector can immediately eliminate about 60% of the total background at the J/ peak, by rejecting the dimuons which contain a decay muon.  The punch-through hadrons cannot be eliminated by a vertex cut, since they are prompt, as is the signal, but additional rejection of this background is also likely possible with the FVTX detector by placing hadron-identification cuts on the tracks (isolation, etc.).

Simulations of the improvement of the dimuon mass spectrum, when the light meson decay muons are rejected and with the expected mass resolution improvement, are shown in Figure 18, in the right-hand figure, for minimum-bias Au+Au collisions, after background subtraction. The improvement of the separation of the J/ and ’ for Au+Au collisions is significant.  The yields are representative of those expected for RHIC-II luminosities and the starting signal-to-background ratios are taken from recent runs for Au+Au. 
Over the next four years, our group plans to extract the best performance that we can out of  the muon arms for measuring y’ and upsilons.  With this, we expect to produce early y’ and upsilon measurements and get the analysis software ready to deliver the best possible performance with the FVTX detector.  Once the FVTX detector is installed, we will lead the analysis efforts of vector meson particle production with the improved forward rapidity detectors.  A large fraction of the effort working on the FVTX construction will transition to these analysis efforts once the detector is installed.
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Figure 18  On the left is shown the ratio of combinatorial background that contains a hadronic decay muon to the combinatorial background that contains only punch-through hadrons, versus mass.  On the right is the simulated, reconstructed J/y and y’ peaks from AuAu running with the FVTX detector, after background subtraction.
4.3 Hardware Activities
4.3.1 The Forward Silicon Vertex Detector Upgrade

The forward silicon vertex detector upgrade project (FVTX) will provide precision tracking of particles within the acceptance of the PHENIX muon arms and bring new physics measurement capabilities as outlined in the previous sections.  An engineering drawing of one-half of one arm of the FVTX system is shown in Figure 19 where four half-disks of silicon sensors can be seen on the right-hand side of the picture, surrounding the beam pipe. 
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Figure 19 A drawing of the silicon vertex trackers, with one arm of the FVTX detector shown in the right-hand side where four half-disks of silicon detectors can be seen surrounding the beam pipe.

Our simulation and technical efforts on the FVTX to date have allowed us to successfully defend the physics program and the technical design of the FVTX.  In the next four years, our efforts will turn to constructing the detector and preparing for analysis of the first data which should be collected in FY11 or FY12, depending on the RHIC run schedule.

The FY2009-FY2010 silicon efforts will center on construction of the FVTX detector and readout systems.  The FVTX mechanical designs will be completed by the end of FY2008 followed by construction of the carbon backplanes, disks, and cages.  Sensor procurement occurs in 2009 followed by testing.  The FPHX is expected to be finished and the production engineering run completed in 2009.  Assembly and testing of the wedges begin in 2009 and into 2010.  Assembly and testing of the disks and half cages will occur in 2010.  The final DAQ designs will be completed in 2009 and construction in 2010.  LANL is leading the DAQ effort and providing oversight for the readout chip, sensor and mechanical systems, and collaborators from Columbia, UNM, NMSU will be leading the efforts of a number of the other sub-tasks in the project.  LANL will be playing the lead role in mechanical integration.

As stated previously, we expect approximately 2.4 FTEs of staff members and 1.5 FTEs of post-doctoral effort to be needed to carry out the construction and software efforts of the FVTX.  Much of this effort will transition to analysis of the data once the detector is installed into PHENIX.

The LDRD silicon tracker is expected to be completed by the end of FY08 and we are working with PHENIX management to determine when it will be possible to install the detector in PHENIX, prior to the FVTX installation.  We will actively pursue commissioning of the detector with the PHENIX DAQ system as soon as the detector is completed so that we will be ready to take full advantage of any physics running that may be possible between now and FY11, when the FVTX detector is expected to be completed.  With this detector, we will be able to collect enough data to get RAA measurements of open heavy flavor in heavy ion running, RdA in d+Au running, and/or the first clean heavy flavor cross section measurement at forward rapidity in p+p running.  The detector will also provide extremely valuable debugging of the electronics and commissioning experience that we can apply directly to our FVTX efforts.
4.3.2 LANL VTX Upgrade Effort

The VTX construction will continue through 2009 and into 2010.  We will be busy overseeing the procurement of the mechanical parts for the VTX tracker and closely working with the PHENIX engineers in integrating the two detectors, VTX and FVTX, into the PHENIX detector.  Walt Sondheim expects to spend 30% of his efforts as mechanical engineer for the project and Dave Lee will spend a small fraction of his time on the project, as physicist liaison to the mechanical engineering team.
4.3.3 Continued Support of Muon Trackers

Mike Leitch is currently the PHENIX Detector Council member for the Muon Tracking systems and much of the hardware expertise needed to maintain and provide data taking expertise during RHIC runs continues to reside at Los Alamos.  We plan to continue our role in providing oversight of the muon tracking system, providing personnel to serve in Muon Tracker expert shifts during data taking, and providing real time Q&A of the muon tracker data to ensure that the system takes quality data during each coming RHIC run. In recent years much of our maintenance efforts with the muon tracking system has involved replacement of any electronics which have exceeded their lifetime and improvements to allow for a more robust high voltage system.  Within the high voltage system we have A/C coupling capacitors for the anode signals on the chambers, which were designed to allow future capabilities for anode readout, but can break down under high humidity conditions. Since readout of the anode signals was descoped long ago, we have gradually been removing these capacitors in place on the mounted tracking chambers, exchanging the possibility for future anode readout with a more robust system which cannot have anode readout. During the upcoming summer shutdown we plan to remove all the remaining capacitors in the North (and later South) muon arm in order to recover all high voltage channels and regain the full acceptance and redundancy that we designed into in the system. In addition, we are working with a Japanese group that is installing new fast electronics on a portion of the muon tracking cathode strips to allow fast triggering on high pT particles for future W measurements. This installation will affect the gain and noise characteristics of the muon system, and involve a significant disturbance of the existing muon tracking electronics system. With close cooperation between our group with our expertise on the existing system and the new Japanese group we aim to minimize any degradation of the existing system.  The new fast triggering capability will not only enable W physics in the muon arms but is also expected to enhance capabilities in other areas including Upsilon triggering and new cross-subsystem triggering schemes in the future that may combine the muon tracker triggering with the forward vertex detector and other forward upgrades.

To provide these services is estimated to require on the order of 0.30 FTE (combination of staff and post-docs) per year.

5 Institutional Support

In addition to the normal office space and infrastructure needed to support our staff, we have approximately 400 square feet of lab space in use for our silicon detector R&D work and we have an option to use a 1000 square feet clean room area from AOT division (free of charge) as needed.  A linux computer farm that resides in P-25 to support Nuclear Physics efforts is frequently used for simulations and analyses to support our RHIC efforts.  Our detector efforts frequently require varied levels of electrical and mechanical engineering and technician efforts.  Through the pool of engineers and technicians available within P-25 and within the larger laboratory, we have been able to support all of our efforts with highly qualified technical support staff that have helped ensure the successful delivery of our technical tasks.  In addition to the resident P-25 engineers and technicians, we have used NIS (ISR), ESH and AOT engineers with specific expertise in low-noise electronics, high speed digital electronics readout design, and high tolerance mechanical design, as needed.  In addition to this technical support, we frequently collaborate with theorists from T-division on exploration of new physics topics.  Clearly having world-experts such as Ivan Vitev in-residence at LANL provides significant support for our program.
6 Publications and Awards

These are listed in the CVs and in the FWP in the Appendix.

7 CVs of Technical Staff

Melynda L. Brooks, Technical staff member in the Subatomic Physics Group (P-25)

Education
B.S. (Physics),  New Mexico Institute of Mining and Technology, 1981-1985, GPA:  3.8; Honors:  Tech Scholar 1984-1985, Abraham and Esther Brook award (best junior level physics student) (1984), Undergraduate Honors Work Program (1981-1985)

Ph.D. (physics),  University of New Mexico, 1986 - 1991,  GPA:  4.0; Honors:  G*POP Fellowship (Aug. 1986 - Aug, 1989),  Durward-Young, Jr. Award (Best Ph.D. Dissertation in Physics); Thesis:  "Neutron Induced Pion Production on C, Al, Cu, and W at Neutron Energies of 200-600 MeV"

Employment:  LANL Post-Doc, 1991 – 1994,  LANL Technical Staff Member 1994 – present

Research History – RHIC Heavy Ions and Spin Physics; search for lepton flavor violation via m(eg (MEGA experiment); L3 heavy quark physics (post-doc); search for the Higgs at the SSC (post-doc); 

Awards, Achievements – PHENIX FVTX Detector Council Member (present), PHENIX Muon Tracker Detector Council Member (1999-2002), PHENIX Heavy Quark Physics Working Group Convenor (2004-2006), PHENIX Speaker’s Bureau (2006), PHENIX Muon Software Coordinator (1995-2002)
Selected Publications

S. Adler, et al, "J/psi Production in Au+Au Collisions at sqrt(s_NN) = 200 GeV", Phys.Rev.Lett.98:232301, 2007.

S. Adler, et al, "Measurement of Single Muons at Forward Rapidity in p+p Collisions at sqrt(s) = 200 GeV and Implications for Charm Production", Phys.Rev.D 76,092002, 2007.

S. Adler, et al, "J/Psi production from proton-proton collisions at sqrt(s) = 200 GeV", Phys.Rev.Lett.92, 051802, 2004.
Dr. Michael J. Leitch, Technical staff member in the Subatomic Physics Group (P-25)

Education

Ph.D. (Physics), Massachusetts Institute of Technology, 1974-1979;

B.S. (Physics and Math), University of Washington, Seattle, 1970-1974;

Employment

 LANL PostDoc 1979-1982; Research Associate, Univ. of Victoria, TRIUMF, Vancouver, Canada; LANL Technical Staff Member, 1983-present.

Memberships, Recent Committee service, etc.

PHENIX Run Coordinator for 2007 and 2008 RHIC Runs.
Co-convenor of RHIC-II Forward & Proton-Nuclear Science Working Group (2005-2006).
APS Hadron Physics Topical Group (GHP) Executive Council (since 2005).
PHENIX Physics Impact Panel for QM05 (2005).
Member of PHENIX Executive Council (2001-2004, 2007-present)

PHENIX Muon Tracking Detector Council (2007-present)

APS Fellow (since 2001).

Spokesman for Fermilab E866/NuSea (since February 1998).

High Energy Nuclear Physics Team Leader, P-25, LANL (1998-2003).

Acting Deputy Group Leader, P-25 (December 1998 – February 1999).

Research interests

Heavy quarks, the Drell-Yan process, J/ψ production, and nuclear effects on parton-level structure and dynamics at Fermilab and at the Relativistic Heavy Ion Collider (RHIC); High-energy heavy-ion collisions and de-confined matter; Flavor asymmetry of the nucleon anti-quark sea including spin-dependence. Pion reactions at the Los Alamos Meson Production Facility; Search for muon-electron conversion at TRIUMF; Photon induced reactions at the MIT Bates electron facility.

Selected Publications (citations on 4/16/08 in bold):

6 S.S Adler et al, “Cold Nuclear Matter Effect on J/( as Constrained by Deuteron-Gold Measurement at (sNN = 200 GeV”, Phys. Rev. C77, 024912 (2008).
3 M.J. Leitch, “RHIC Results on J/(,” nucl-ex/0701021, proceedings from Quark Matter 2006, Shanghai, China, November 2006.

80 S.S. Adler et al., (PHENIX collaboration), “J/( Production and Nuclear Effects for d+Au and p+p Collisions at (sNN = 200 GeV”, Phys. Rev. Lett. 96, 012304 (2006) and nucl-ex/0507032.

52 S.S. Adler et al., (PHENIX collaboration), “J/psi production from proton-proton collisions at (s = 200 GeV", Phys. Rev. Lett. 92, 051802 (2004) and hep-ex/0307019.

133 M.J. Leitch, et al., (E866/NuSea collaboration), “Measurement of Differences Between J/( and (’ Suppression in p-A Collisions,” Phys. Rev. Lett. 84 , 3256-3260 (10 April 2000) & nucl-ex/9909007.

143 M.J.Leitch, et al. (E789 collaboration), "Nuclear Dependence of Neutral D-Meson Production", Phys. Rev. Lett. 72, 2542-2545 (18 April 1994).

305 D. M. Alde, et al. (E772 collaboration), "Nuclear Dependendence of Dimuon Production at 800 GeV," Phys. Rev. Lett. 64, 2479 (1990).

34 M. J. Leitch, E. Piasetzky, H. W. Baer, J. D. Bowman, R. L. Burman, B. J. Dropesky, P. A. M. Gram, F. Irom, D. Roberts, G. A. Rebka Jr., J. N. Knudson, J. R. Comfort, V. A. Pinnick, D. H. Wright, and S. A. Wood, "The Double Analog Transition 14C(SYMBOL 112 \f "Symbol"+,SYMBOL 112 \f "Symbol"-)14O at 50 MeV," Phys. Rev. Lett. 54, 1482 (1985). 

Dr. Patrick L. McGaughey, Technical Staff Member, Physicist,  Group P-25, LANL

Education: 

B.A. (Magna Cum Laude), Physics + Chemistry, Augsburg College 1977


Undergraduate scholarships from State of MN and Augsburg College 1973-77
Ph.D., Nuclear Chemistry/Physics, University of California, Berkeley CA, 1982

Graduate Student of Glenn T. Seaborg - Nobel Prize Winner

Thesis: “Intermediate and High Energy Reactions of Uranium with Neon and Carbon”

Employment:
Director's Postdoctoral Appointment, LANL, 1982-1984

Staff Member in Physics Division, 1984-present

Awards / Achievements:
Co-designer of PHENIX Experiment, 1991-94 

Project Leader for PHENIX Muon Tracking System, 1993
Spokesman for E866 Experiment at Fermilab, 1995-1998
Fellow of American Physical Society, 1998

Principal Investigator for LANL LDRD ER and DR Grants, 2001-present

Co-author of more than 150 publications, with 8000+ citations and 53 highly-cited papers

Research History: 

Anti-proton annihilations in Nuclei, Relativistic Heavy Ion Reactions, Drell-Yan Reactions in Nuclei, Heavy Quark Production in Nuclei

Top three publications in different research areas:

“Formation of dense partonic matter in relativistic nucleus-nucleus collisions at RHIC: Experimental evaluation by the PHENIX collaboration,” PHENIX Collaboration, Nucl.Phys.A757:184-283,2005, TOPCITE=475.

“The A-dependence of J / psi and psi-prime production at 800-GeV/c,” E772 Collaboration, Phys.Rev.Lett.66:133-136,1991. TOPCITE=267.

“Measurement of the light anti-quark flavor asymmetry in the nucleon sea,” E866 Collaboration, Phys.Rev.Lett.80:3715-3718,1998.   TOPCITE=229.

David M. Lee, Technical staff member in the Subatomic Physics Group (P-25)

Education
1966  Bachelor of Science in physics, Manhattan College, Bronx, NY.

1971 Ph. D. in Physics, University of Virginia, Charlottesville, Va.

Employment:  
1971-1974 University of Virginia postdoc and LTVSM at LANL.

1974-1990 Staff Member and Section Leader, LANL, MP Division
1977-1982 Staff Member, Los Alamos National Laboratory, Q Division

1981-1982 First Officer, International Atomic Energy Agency, Vienna Austria

1990-present
Staff Member and Team Leader for PHENIX, LANL, P-25

2005-2006
Detailee to DOE Office of Science, Office of Nuclear Physics

Honors:           3 U. S Patents
Research History – RHIC Heavy Ions and Spin Physics; search for lepton flavor violation via (e (MEGA experiment); L3 heavy quark physics; search for the Decays K0((e and K0(ee, BNL experiment, E791; neutrino physics; pion double charge exchange.

Top three publications
“Light Antiquark Flavor Asymmetry in the Nucleon Sea”, ) E866 collaboration, Nucl. Phys. A, v. 663 pp C284-C287, (2000)

“A search for the Decays K0((e and K0(ee”, Phys. Rev. D38, 2914- 1917(1988)

“Observation of the Pion Double-Charge Exchange Reaction 18O((+,(()18Ne, Phys. Rev. Lett. 38, 149-152(1977)

Walter E. Sondheim, Technical staff member in Subatomic Physics Group (P-25)

Education:

AAS Electrical Engineering, Rochester Institute of Technology, 1968

BS Mathematics & Engineering, University of Rochester, 1972

Employment:

University of Rochester, Nuclear Structure Research Laboratory, 1969 – 1978

LANL Technician 1978 – 1981, LANL Technical Staff Member 1981 – present.

Research History:

Entire career at LANL has been involvement with the Heavy Ion Research program in Physics Division. This effort has been on the engineering and design of detector systems for meet this program’s scientific goals.

Gerd J. Kunde, Technical staff member in the Subatomic Physics Group (P-25)

Education
Ph.D. (physics), University Heidelberg 1994

Diplom (Physics),  University Heidelberg 1990

Employment:  

2005-present: Adjunct Professor UIC, 2002-present LANL, Technical Staff Member, 1997-2002 Assistant Professor, Yale University, 1996-1997 Research Associate, National Superconducting Cyclotron Laboratory,  1994-1996 Feodor-Lynen-Fellow, National Superconducting Cyclotron Laboratory, 1990-1994 Research Assistant,Gesellschaft fuer Schwerionen Forschung, 1988-1990 Undergraduate Student,  Gesellschaft fuer Schwerionen Forschung

Honors: 

Feodor-Lynen Fellow of the Alexander-von-Humboldt Foundation
Research History  

Jet Physics at RHIC (STAR, PHENIX, CMS), Multifragmentation (Aladin, Miniball), HBT (GSI and Saturne)

Top three publications

System Size and Energy Dependence of Jet-Induced Hadron Pair Correlation Shapes in Relativistic Nuclear Collisions,  "http://scitation.aip.org/getabs/servlet/GetabsServlet?prog=normal&id=PRLTAO000098000023232302000001&idtype=cvips&gifs=yes" Phys.Rev.Lett.98:232302,2007 
Probing the quark-gluon plasma at the LHC with Z0-tagged jets in CMS, International Journal of Modern Physics E, Volume 16, Issue 07-08, pp. 1950-1956 (2007)
Dilepton tagged jets, European Physics Journal C, 49, 19–22 (2007)

Total  publications (Jan 2008) 

135 total:  >50 Phys.Rev.Lett.,  >10 Phys.Lett. B, >30 Phys.Rev. C, etc.   

~7300 citations  20 very-well-known papers (>100 citations) 
Error! Contact not defined., Technical staff member in the Subatomic Physics Group (P-25)

Education: 

B.E. (Electronics Engineering), Tsinghua University, Beijing, China, 1989.

Thesis: “The First High Tc Superconducting RF Antenna” 

Tsinghua University Fellowships (1985-1989)

Ph.D.   (Physics), Yale University, New Haven, CT, 1997.

Thesis: Measurement of the Time-dependent B_0 Mixing at SLD

Norman Blatherwick Fellowship (1996)

J. Sloan Fellowship (1997)

Employment:

Postdoc, BNL High Energy Physics Group to work on D0 Experiment at Fermilab, 1997-1999.

Postdoc, LANL P-25 Group to work on PHENIX Experiment at RHIC, 1999-2001.

Technical Staff Member, LANL P-25 Group, 2001-present.

Research History: 

RHIC Heavy Ion and Spin Physics (PHENIX Experiment):

Heavy quark physics via muon measurements; quark and gluon polarization study; QCD in polarized p+p collisions; parton energy loss in Heavy Ion collisions; QGP physics. 

Muon Tracker Spectrometers in the PHENIX Experiment.

Search for New Physics at Tevatron, Fermilab (D0 Experiment):

Electroweak physics in p+pbar collisions at Tevatron, W and Z production, SUSY via tri-lepton channels.  

Forward Preshower Detector for the D0 Run-II upgrade.

B physics at Z^0 pole at SLAC (SLD Experiment):  

Electroweak and Heavy Quark physics with polarized Z^0 at SLAC.  CKM matrix and B_0 mixing;  CP-violation in B sector; Forward-Backward Asymmetry in polarized Z^0 decay. 

CCD based Silicon Pixel Detector for heavy quark measurements at SLD. 

Selected Publications:

S.S. Adler et al., (PHENIX collaboration), “J/( Production and Nuclear Effects for d+Au and p+p Collisions at (sNN = 200 GeV”, Phys. Rev. Lett. 96, 012304 (2006) and nucl-ex/0507032.

S.S.Adler et al., (PHENIX collaboration), “Nuclear Modificaton Factors for Hadrons At Forward and Backward Rapidities in Deuteron-Gold Collisions at sqrt(s_nn) = 200 GeV,” Phys. Rev. Lett. 94, 082302 (2005) & nucl-ex/0411054.

S.S.Adler et al., (PHENIX collaboration), "Double Helicity Asymmetry in Inclusive Mid-Rapidity neutral pion Production for Polarized p+p Collisions at sqrt(s)=200 GeV,"  Phys. Rev. Lett. 93, 202002 (2004) and hep-ex/0404027.

Hubert van Hecke, Technical staff member in the Subatomic Physics Group (P-25)

Education

B.S. (Physics) Louisiana State University, Baton Rouge, 1978

Ph.D. (Physics) Syracuse University, Syracuse, NY, 1985. Thesis: “Bose-Einstein Correlations in electron-positron annihilations in the Upsilon Region”

Employment:  LANL Post-Doc, 1985 – 1988,  LANL Technical Staff Member 1988 – present

Research History – CERN Heavy Ion experiments NA34, NA44 (1985-1996): Strangeness production, Bose-Einstein Correlations. RHIC Heavy Ion Physics.

Top three publications

'Relationship between correlation function fit parameters and source distributions',

D. E. Fields et al., Phys. Rev. C52, 986 (1995).

'Evidence of Early Multi-Strange Hadron Freeze-out in High Energy Nuclear Collisions',

H. van Hecke, H. Sorge and N. Xu, Phys. Rev. Lett. 81, (1998) 5764.

'A Spot Imaging Cherenkov Counter',

H. van Hecke, NIM A343, (1994), 311.

Jon S. Kapustinsky, Deputy Group Leader in the Subatomic Physics Group (P-25)
Education

Executive MBA - Anderson School of Business, University of New Mexico (UNM), (2003-2005)

Non-degree - Graduate Department of Mathematics and Statistics, UNM (1984-85) 

A.A.S. - Electronics Engineering, UNM (1978-1980)  

B.A. - Applied Mathematics and English Literature, Fairleigh Dickinson University and Wroxton College, 

           Oxfordshire, England, (1971-74), UNM (1974-1975)

Employment 

LANL, Physics (1980 – 1997) LANSCE Division Office (1997-2003) P-25 Deputy Group Leader (2004 – present)

Committees, Professional Societies, Awards
Member of the DOE-NP Fundamental Neutron Physics Beamline (FNPB) Review Committee

Member of the ORNL Technical Advisory Committee for the FNPB Physics Program

Member of the Spallation Neutron Source Detector Council

Member APS-Division of Nuclear Physics

Member IEEE-Nuclear Science

Defense Programs Award of Excellence 2003 – Radiographs to study the failure of U6Nb hemishells

Individual LAAP Award 2001(highest level) – Project Manager of the SPSS Spectrometer Project at LANSCE

Pollution Prevention Award 2000 – Use of recycled steel from the LBNL Bevatron for the Smarts Spectrometer

LANL Project Leader for the L3 Silicon Microvertex Detector Upgrade at CERN-LEP

Individual LANL Distinguished Performance Award 1985 – Eta Spectrometer Design and Experiment at LAMPF

Research

Nuclear and high energy experiments at LAMPF, LBNL, TRIUMPH, CERN (LEAR and LEP-L3) and BNL. Analog electronics and detector design (gas, solid state, scintillators). Radiation damage effects on electronics and solid state detectors. Neutron scattering spectrometers and cold neutron beamline design. 

Selected Publications
 “A Double Metal Silicon Pad Design for the PHENIX Multiplicity Vertex Detector,” J.S. Kapustinsky et. al., Nucl.Instrum.Meth.A409 (1998).

“The Design and Construction of a Double Sided Silicon Microvertex Detector for the L3 Experiment at CERN,” J.S. Kapustinsky et. al., IEEE Trans.Nucl.Sci.41 (1994).

“Radiation Damage Effects on the Silicon Microstrip Detector in E789,” J.S. Kapustinsky et. al., Nucl. Phys. Proc. Suppl. 32 (1998).

 “Improvements in the Energy Resolution and High Count Rate Performance of Bismuth Germanate,” P.E. Koehler, J.S. Kapustinsky, S.A. Wender, Nucl.Instrum.Meth.A242 (1986).

“A Fast Timing Light Pulser for Scintillation Detectors,” J.S. Kapustinsky et. al., Nucl.Instrum.Meth. A241 (1985).

Xiaodong Jiang, Technical staff member in the Subatomic Physics Group (P-25)

Education
B.S. (Physics),  University of Science and Technology of China,  1988.

Ph.D. (experimental nuclear physics), University of Massachusetts at Amherst,  Amherst, MA.
Award and Research Grants: 

Peter Demos Award, 1998. Best Ph.D. thesis. MIT-Bates Laboratory of Nuclear Science, Massachusetts Institute of Technology.

National Science Foundation (2006) PHY-0652713, $1,159,000. 

X. Jiang, R. Ransome and R. Gilman co-PI (Rutgers University, New Jersey).

Employment:  Post-Doc Fellow, Rutgers University, 1998 – 1999.

                        Research Associate, Rutgers University, 1999-2007.

                        Technical staff member LANL, 2007-present.
Research History :

Nuclear physics through electron scattering, MIT-Bates Laboratory.

Nucleon spin structure studies and nuclear physics through electron scattering. 

Thomas Jefferson National Accelerator Facility. Co-spokesperson of nine nuclear physics experiments at Jefferson Lab, including three ``A'' rated and two ``A-'' rated experiments.

RHIC -Spin physics analysis.

Over 70 publications, 30 invited conference talks

Recent publications:

“Deeply Virtual Compton Scattering off the Neutron”,  JLab-Hall A collaboration, Phys. Rev. Lett. 99,  242501 (2007).

“Measurements of the Proton Elastic-Form-Factor Ratio at Low Momentum Transfer”, JLab-Hall A collaboration, Phys. Rev. Lett. 99, 202002 (2007).

 “Angular dependence of recoil proton polarization in high energy  gamma (d (pn reaction”,  X. Jiang , et al. Phys. Rev. Lett. 98,  182302 (2007).

“Sea quark polarization and semi-inclusive  DIS data”, X. Jiang, G. A. Navarro and R. Sassot., European Physical Journal  C47,  81 (2006).
8 Budget Analysis

We include in separate documents our budget worksheets and explanations of budgets for each year.  An additional summary is given below.

8.1 Adequacy of FY08 funds

Our KB02 funds for FY08 cover approximately 4.1 FTEs of staff members and 2.0 FTEs of post-docs.  Because of our significant LDRD funds, we have been able to carry out our FVTX efforts (much of the simulations and all of the electronics development to date has been covered by LDRD), explore LHC measurements that can be made using the CMS detector, and advance the possibilities of  making unambiguous cold nuclear matter energy loss measurements using FNAL E906, in addition to carrying out several RHIC data analyses.  For FY08, the KB02 funds have been sufficient to maintain our efforts.  Because we are moving out of the R&D phase of the FVTX detector in FY08/FY09, and would like our exploratory work at LHC to move into base-program funded efforts, we request additional funds in the coming years (beyond inflationary increase) to sustain our RHIC efforts and to allow a modest transition from RHIC efforts to LHC analysis efforts over the coming years.

8.2 Out-year Budgets

In FY09, we assume we will receive the President’s requested budget, which increases our KB02 funds by approximately 10%.  We have additionally put in a proposal for a follow-on LHC LDRD grant to support LHC heavy ion analysis efforts during the first LHC data taking years.  If we do not receive this LDRD grant, we would like to maintain some DOE-supported efforts on LHC analyses so that we can capitalize on our previous, significant LDRD investment, and carry out what we believe will be very exciting new physics measurements at the LHC.  We appreciate that we will need to manage our resources carefully to carry out our FVTX commitments, RHIC analyses, and maintain LHC analysis efforts, but believe that the effort will be rewarded with a healthy and diverse physics program at RHIC and the LHC.  As outlined in the budget sheets, we believe we can apply appropriate levels of effort to our areas of interest if we receive the 10% increase in budgets in FY09.

In FY10, we have assumed the same budget which we proposed at our FY08 DOE budget meeting, which is approximately a 9% increase over FY09.  With this budget, we will be able to maintain the efforts needed to carry out the FVTX construction project and RHIC analyses and at the same time maintain a small effort on LHC analyses.  The LHC analysis efforts would allow us to prepare for transitioning into a more balanced RHIC and LHC effort in the future years.

In FY11, the FVTX construction effort will be wrapping up and we can begin transitioning our construction manpower into analysis efforts.  We propose during this year that a large fraction of this effort move into RHIC analysis efforts (joining the RHIC analysis efforts that we will have maintained in FY08-FY10), and part of this effort join the LHC analysis efforts so that we can have a critical mass of analyzers in both collaborations.  Since funding possibilities in FY11 are unclear, we have at this point assumed an inflationary increase in FY11 budgets over FY10 budgets.  This should be adequate to allow us to maintain analysis efforts at RHIC and LHC, but we will need to balance these efforts with the maintenance of two detector systems at this point (PHENIX Muon Trackers and PHENIX FVTX detector).  Whether this funding is fully adequate to maintain all efforts may depend on the level of continued maintenance that the detector systems require, which can be difficult to predict.

9 Other Current or Pending Support (e.g. LDRD)

Our PHENIX team is currently supported by 3 separate LDRD grants:  A DR grant for FY06-FY08 – “Heavy Quarks as a New Probe of the Quark Gluon Plasma”, an ER grant for FY06-FY08- “Heavy Ion Physics at the LHC using CMS” , and an ER grant for FY08-FY10 – “The First Precise Determination of Quark Energy Loss in Nuclei”.

An LDRD DR grant for approximately $1.5M/year for FY06-FY08 is a joint P-25/T-division proposal supporting the production of a prototype silicon vertex detector for PHENIX to make a first precision heavy flavor measurement at forward rapidity, and to advance the theory of heavy flavor production and its modification in heavy ion collisions.  In addition to providing a silicon detector, it has provided much of the R&D needed for the FVTX detector readout electronics (it shares the same silicon readout chip digital back-end with the FVTX detector) and has provided support for various staff members, post-docs and engineering and technical support over its duration.  The PIs for this grant are Pat McGaughey and Ivan Vitev.

An LDRD ER grant for approximately $250k/year for FY06-FY08 supports approximately 0.25 FTE staff and 1.0 post-docs per year to study Z0-tagged jet physics measurements that can be carried out with the CMS detector at the LHC in AA collisions.  With this grant, we have established the significance of the measurements that can be made of the jet fragmentation modification in heavy ion collisions and poised ourselves for analyzing the first real data collected by the CMS detector.  The PI for this grant is Gerd Kunde.

A new LDRD ER grant for approximately $250k/year for FY08-FY10 is another joint P-25/T-division grant which will support efforts in FNAL experiment E906 to extract an unambiguous measurement of energy loss in cold nuclear matter.  The grant will provide some muon identifier detectors and supports approximately 0.4 FTE staff members in P-25 for the experimental efforts.  The PIs for this grant are Ming Liu and Ivan Vitev.

In addition to these grants, we are pursuing a new LDRD DR grant which will support continued efforts at the LHC.  We feel it is vital to continue efforts at LHC during this critical time when the first data taking is taking place if we are to have a long term effort at the LHC, but our significant commitments to RHIC and the FVTX detector upgrade project will likely not allow us to have a significant effort at LHC and RHIC at the same time, supported by DOE funds.  We are therefore requesting LANL LDRD support for staff and post-docs to work on data analysis, as follow-on work to our LDRD ER grant that ends this year.  At this point, we have made it to the final round of proposals (after several cuts).  The expectation is that approximately 50% of the proposals that have made it to this stage will be funded.

10 Student Education and Training

Within our team, we have continued a long standing tradition of hosting several graduate and undergraduate students, as well as some staff from other institutions in our group.  During the past year, this has included:  Hisham Albataineh, a graduate student from NMSU who has been working on single muon analyses as well as helping with hardware activities associated with our silicon vertex detector; Maria Castro, a post-baccalaureate student who entered graduate school at UIC this past fall and has helped with the LHC simulation studies; Michael Malik, a graduate student from UNM who has worked on simulations and hardware activities associated with the silicon vertex detectors; Xiaorong Wang, a research scientist from NMSU who has worked on several single muon physics analyses and simulations of the silicon vertex detectors; Zhengyun You, a graduate student from Peking University was in residence at LANL for one year and helped with simulation studies.  In addition, two NSF summer interns, Samuel Fletcher and Michelle Adan worked for the summer 2007 on silicon hardware activities.

11 Impact of Proposed Research in other fields of Science and Education

At various times, our staff members are called upon to work on other projects throughout the laboratory.  Most recently, Pat McGaughey has used his electronics and physics expertise to help develop preamplifier electronics for a homeland security project that uses Muon Tomography to look for special nuclear materials.  In addition to this, we have had several former post-doc and staff members of our group move on to permanent positions supporting other scientific areas within the laboratory.  Most recently, this has included: John Sullivan (former staff), Jane Burward-Hoy (former post-doc), Ben Norman (former post-doc) and Tom Carey (former staff).

12 Outreach Activities

In addition to our support of students working directly at the laboratory, Hubert van Hecke has served for 11 years as “Mr. Science” for the Santa Fe school system, with a weekly science hour at a local school, where he is also the science advisor. He is also a board member of the Santa Fe Alliance for Science. One of the aims of the Alliance is to match the talents of retired and active scientists with the needs of science and math education in the greater Santa Fe area.

13 Additional Information

Our team members have also worked to actively promote and organize workshops within the community.  Recently, this has included the 2007 ‘PHENIX Forward Physics Workshop’, Santa Fe, NM, attended by approximately 50 people from within the forward physics working groups in PHENIX; organizer for a 2007 3-week spin workshop at BNL; an organizer for the 3rd annual SpinFest at RIKEN (2007); organized 3 successive Annual Muon Workshops (2003-2005) attended by approximately 60 attendees.  In addition, Gerd Kunde is a co-organizer of a P-25 seminar series and has served on the lab colloquia committee.

14 Appendix A.
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E343 – Relativistic Heavy Ion

20b.
Publications, Talks

“Measurement of Upsilon production for p+p and p+d interactions at 800-GeV.”

Accepted by Phys.Rev.Lett. arXiv:0710.2344 SPIRES

“Measurement of Angular Distributions of Drell-Yan Dimuons in p + d Interaction at 800-GeV/c.” Phys.Rev.Lett. 99, 082301 (2007)

“Enhancement of the dielectron continuum in sqrt{s_NN} = 200 GeV Au+Au collisions", arXiv:0706.3034   SPIRES

"Transverse momentum and centrality dependence of dihadron correlations in Au+Au collisions at sqrt(s_NN)=200 GeV: Jet-quenching and the response of partonic matter", Phys. Rev. C77, 011901 ,   2008-01-07

"Elliptic Flow for phi Mesons and (Anti)deuterons in Au + Au Collisions at sqrt(s[sub NN]) = 200 GeV", Phys. Rev. Lett. 99, 052301 (2007) ,   2007-08-01

"Inclusive cross section and double helicity asymmetry for pi^0 production in p+p collisions at sqrt(s)=200 GeV: Implications for the polarized gluon distribution in the proton", Phys. Rev. D 76, 051106 (2007) ,   2007-09-25

"Measurement of density correlations in pseudorapidity via charged particle multiplicity fluctuations in Au+Au collisions at $\sqrt{s_{NN}}=200$ GeV", Phys. Rev. C 76, 034903 (2007) ,   2007-09-21

"Correlated Production of p and p^bar in Au+Au Collisions at sqrt(s_NN) = 200 GeV",  Phys. Lett. B 649 (2007) 359-369,   2007-05-28

"J/psi Production in p+p Collisions at sqrt(s) = 200 GeV", Phys. Rev. Lett. 98:232002,2007

"J/psi Production in Au+Au Collisions at sqrt(s_NN) = 200 GeV", Phys.Rev.Lett.98:232301,2007

"System Size and Energy Dependence of Jet-Induced Hadron Pair Correlation Shapes in Relativistic Nuclear Collisions", Phys.Rev.Lett.98:232302,2007

"Energy Loss and Flow of Heavy Quarks in Au+Au Collisions at sqrt(s_NN) = 200 GeV", Phys. Rev. Lett. 98, 172301 (2007) ,   2007-04-24

"Measurement of high-p_T Single Electrons from Heavy-Flavor Decays in p+p Collisions at sqrt(s) = 200 GeV",  Phys. Rev. Lett.. 97, 252002 (2006) ,   2006-12-21

"Production of omega meson at Large Transverse Momenta in p+p and d+Au Collisions at sqrt(s_NN)=200 GeV", Phys. Rev. C 75, 051902 (2007) ,   2007-05-09

"Scaling properties of azimuthal anisotropy in Au+Au and Cu+Cu collisions at $\sqrt{s_{NN}}=200$ GeV", Phys. Rev. Lett. 98, 162301 (2007) ,   2007-04-16

"Measurement of Direct Photon Production in p+p collisions at sqrt(s) = 200 GeV", Phys. Rev. Lett. 98, 012002 (2007) ,   2007-01-05

"An Update on the Double Helicity Asymmetry in Inclusive Midrapidity $\pi^{0}$ Production for Polarized $p+p$ Collisions at $\sqrt{s}=200$ GeV",  Phys. Rev. D 73, 091102(R) (2006) ,   2006-05-25

"Azimuthal Angle Correlations for Rapidity Separated Hadron Pairs in d+Au Collisions at sqrt(s_NN) = 200 GeV", Phys. Rev. Lett. 96, 222301 (2006) ,   2006-06-08

"Measurement of Single Muons at Forward Rapidity in p+p Collisions at sqrt(s) = 200 GeV and Implications for Charm Production", Phys. Rev. D 76, 092002 (2007) ,   2007-11-13

"High transverse momentum eta meson production in p+p, d+Au, and Au+Au collisions at sqrt(s_NN)=200 GeV", Phys. Rev. C 75, 024909 (2007) ,   2007-02-27

"A Detailed Study of High-pT Neutral Pion Suppression and Azimuthal Anisotropy in Au+Au Collisions at sqrt(s_NN) = 200 GeV", Phys. Rev. C 76, 034904 (2007) ,   2007-09-25

"Evidence for a long-range component in the pion emission source in Au+Au Collisions at sqrt(s_NN)=200 GeV",  Phys. Rev. Lett. 98, 132301 (2007) ,   2007-03-26

"Common suppression pattern of high pT eta and pi0 in Au+Au at sqrt(s_NN) = 200 GeV",  Phys. Rev. Lett. 96, 202301 (2006) ,   2006-05-22

"Centrality Dependence of pi^0 and eta Production at Large Transverse Momentum in sqrt(s_NN) = 200 GeV d+Au Collisions", Phys. Rev. Lett. 98, 172302 (2007) ,   2007-04-24

"Nuclear Effects on Hadron Production in d+Au and p+p Collisions at sqrt(s_NN)=200 GeV", Phys. Rev. C 74, 024904 (2006) ,   2006-08-16

"Jet Properties from Di-Hadron Correlations in p+p Collisions at \sqrt{s} = 200 GeV",  Phys. Rev. D 74, 072002 (2006) ,   2006-10-05

LANL co-editor, Physics Technical Design Report for Heavy Ions in CMS (*CMS physics technical design report: Addendum on high density QCD with heavy ions.* *J.Phys.G34:2307-2455,2007*)

C. Mironov, “Probing the Quark Gluon Plasma at the LHC with Z0-tagged Jets in CMS”, proceedings for the QM 2006, published in International Journal of Modern Physics E  (IJMPE) Vol. 16, Nos. 7/8 (2007) 1950
C. Mironov, “Dilepton Tagged Jets”, European Physical Journal C, Volume 49 (1), January 2007

M. Leitch, RHIC Run7 Closeout Retreat, July 2007, "PHENIX Run7 Summary"

M. Leitch, RHIC/AGS Users meeting, June 2007, "PHENIX Run7 Update"

M. Leitch, NSAC Long Range Plan Town Hall, Rutgers, Jan 2007, "Scientific Opportunities in pA & dA Collisions"

M. Leitch, QM06, Shanghai, "RHIC Results on J/Psi" plenary talk

M. Leitch, Quark Conf. & Hadron Spectrum, Azores, Sep 2006, "Overview of Charm Physics at RHIC"

M. Leitch, BNL Future Prospect in QCD, July 2006, "Forward Physics and Gluon Saturation"

M. Leitch, QNP06, Madrid, June 2006, "Latest Results on the Hot-Dense Partonic Matter at RHIC"

M. Leitch, Persp. Had. Phys., Trieste, May 2006, "Quarkonia Production in pp, p(d)A & AA Collisions"

M. Leitch, SQM06, UCLA, March 2006, "Quarkonia Production at RHIC"

M. Brooks, “FVTX Concept and Physics Overview”, DOE FVTX Review, July 9, 2007.

M. Brooks, “Forward Silicon Vertex Detector and Muon Tracker Physics Overview”, PHENIX Forward Upgrade Meeting, Santa Fe, NM, May 17, 2007

M. Brooks, “Heavy Ion, Cold Nuclear Matter, and Spin Physics Programs at LANL”, LANL, May 9, 2007.

M. Brooks, “Forward Vertex Detector (FVTX) Physics”, PHENIX Focus seminar, BNL, April 17, 2007.

M. Brooks, “Forward Vertex Tracking Detector Overview”, BNL Review, BNL, February 19, 2007.

S. Butsyk, “Open heavy flavor with the PHENIX detector”, Talk on “2007 RHIC & AGS Annual Users' Meeting”, BNL, NY

S. Butsyk, “Measurement of the D meson Production through Hadronic Decay Channel at PHENIX”, Talk on APS DNP 07 Meeting, Newport News, VA

S. Butsyk, “Heavy Flavor Measurements with FVTX Upgrade Detector at PHENIX”, 
Talk on APS DNP 07 Meeting, Newport News, VA

S. Butsyk, “Measurement of the D0 meson Production through Hadronic Decay Channel at PHENIX”, Poster Presentation, “Quark Matter 08” Conference, Jaipur, India
W. Sondheim, “FVTX Mechanical Studies”, DOE Review November 15, 2007,  BNL

W. Sondheim, “EDM Experiment, Infrastructure Sub-system”, EDM Collaboration Meeting, Boston, MA. June 2007

H. Liu, "Recent Transverse Spin Results in Polarized p+p Collisions at PHENIX", 2007 RHIC & AGS Annal Users' Meeting, June 18-22, 2007, BNL.

H. Liu, "Transverse Single Spin Asymmetry Measurement with J/Psi in Polarized p+p Collisions at RHIC", 2007 Annual Meeting of the Division of Nuclear Physics, Oct 10-13, 2007, Virginia. 

P. McGaughey, "A fresh perspective on cold nuclear matter effects,"PHENIX Forward Upgrade Meeting, Santa Fe, NM, May 15, 2007 

J.S. Kapustinsky , "The Forward Silicon Vertex Tracker Upgrade for PHENIX at RHIC", 16th International Workshop on Vertex detectors, September 23-28, 2007, Lake Placid, NY, USA

M. Liu, “Probing Gluon Polarization with Heavy Flavor Production at RHIC”, Spin2006  Kyoto, Japan  Oct. 2006

M. Liu, “Overview of the PHENIX Transverse Spin Physics Program at RHIC”, Circum-Pan-Pacific Symposium on High Energy Spin Physics, Vancouver, Canada, July 2007 

M. Liu, “Opportunity with New Dimuon Experiments at Fermilab and JPARC”, Seminar at Lawrence Berkeley National Lab, Berkeley, CA, Oct, 2007 

M. Liu, Heavy Flavor Workshop at Berkeley (chair), Berkeley, CA,  Nov. 2007

H. Liu, “Recent Transverse Spin Results in Polarized p+p Collisions at PHENIX “, 2007 RHIC & AGS Annual Users' Meeting, BNL, June 18-22, 2007

G. Kunde, “The Quark Gluon Plasma at RHIC and LHC”, SMU seminar, 2007

G. Kunde, “The Quark Gluon Plasma Created in Heavy Ion Collisions”, UIC seminar, 2007

H. Liu and M. Liu, Riken Accel. Prog. Rep. 40(2007), "Measurement of Transverse Single Spin Asymmetries with J/Psi in Polarized p+p Collisions at \sqrt{s}=200GeV"

H. Liu, M. Liu and C.M. Camacho, Riken Accel. Prog. Rep. 41(2008), "Measurement of Longitudinal Double Spin Asymmetries of Back-to-Back Dimuons in Polarized p+p Collisions at \sqrt{s}=200GeV"

X. Wang, H. Liu and M. Liu, Riken Accel. Prog. Rep. 41(2008), "Longitudinal Double Spin Asymmetries in Forward Rapidity with prompt muons in Polarized p+p Collisions at \sqrt{s}=200GeV"

C.M. Camacho, H. Liu, M. Liu, et.al., Riken Accel. Prog. Rep. 41(2008), "Run06 Polarization of Proton-Proton Operation at RHIC"

K. Boyle, C.M. Camacho, H. Liu, M. Liu, et.al., Riken Accel. Prog. Rep. 41(2008), "Run06 Polarization in Proton-Proton Operation at RHIC Using the Hydrogen Jet Polarimeter"

H. Liu and M. Liu , “Heavy Quarkonia Production at &#8730;s= 200 GeV in p+p, d+Au and Cu+Cu collisions at forward and backward rapidities”, Poster Presentation, “Quark Matter 08” Conference, Jaipur, India

H. van Hecke,: 'Measuring Charm and Bottom Using the PHENIX Silicon Vertex Detectors', Quark Matter 2008, Feb 4-10, Jaipur, India

H. van Hecke, 'The FVTX upgrade detector at PHENIX', 2007 Annual Meeting of the Division of Nuclear Physics, Oct 10-13, 2007, Virginia: 
20c.
Purpose

The PHENIX Heavy Ion Program is centered in Group P-25, Subatomic Physics.  The KB02 funding supports personnel working on physics analyses using data from the PHENIX detector, hardware, software and management efforts associated with the PHENIX Muon arms, and hardware, software and management efforts associated with the Forward Vertex Detector upgrade for PHENIX (FVTX). We additionally participate in several support activities within the PHENIX collaboration, e.g. Run and Period coordinators, participation in physics working groups, long range planning committees, paper preparation groups, conference presentations, and proposal writing.

20e.
Approach

Our PHENIX team contributies to all aspect of the heavy ion program in PHENIX by having  a balance of efforts in: leadership roles within the PHENIX collaboration, carrying out physics analyses, providing development and support of the detectors and software packages that are needed to carry out these analyses, and searching for new physics opportunities both at RHIC and other accelerator facilities.  Within the PHENIX community we were involved from the beginning with establishing the PHENIX physics program (we have held Executive Council and Detector Council membership roles throughout the lifetime of PHENIX), providing leadership in all aspects of the muon detector and physics programs, and playing lead roles in most of the muon physics analyses produced by PHENIX.  

While carrying out physics analyses of current data sets, we have continued to look to the future to see what measurements would be possible  with PHENIX upgrade detectors.  This year, we completed a succesful proposal to DOE and PHENIX for the addition of two forward silicon vertex trackers to the PHENIX detector to significantly enhance the physics program accessible to PHENIX.  In addition, we are looking at new facilities for opportunities to expand our understanding of parton interactions in the medium created in heavy ion collisions.  To enable these efforts, we successfully proposed and received internal LANL funds over the years FY06 – FY08 to support a study of heavy ion measurements that could be carried out using the CMS detector at the LHC.  

We  have been highly successful throughout our PHENIX efforts in augmenting our DOE funding with internal LANL funding to support our program, allowing us to contribute far more to the program than just the base DOE funds would allow.  In addition to the LHC LDRD funds, we have obtained a $1.5M/year grant to develop a prototype silicon vertex tracker and advance our theoretical models of heavy ion collisions, and have just received a $250k/year grant to allow us to study energy loss in nuclear matter using the FNAL experiment E906.  We also enhance our program by having an active visitor program which supports full-time student visitors as well as part-time student, post-doc, and staff visitors from various institutions.

Principle Investigator:   Melynda Brooks

Key Personnel:
Sergey Butsyk (PD)
Carlos Munoz Camacho (PD)



Maria Castro (student) 
Paul Constantin (PD)



Xiaodong Jiang
Jon Kapustinsky



Gerd Kunde
David Lee



Mike Leitch
Ming-Xiong Liu



Han Liu (PD)
Camelia Mironov (PD)



Pat McGaughey
Anuj Purwar (PD)     



Walt Sondheim
Hubert VanHecke



Ivan Vitev*(PD)

*Ivan Vitev has been a joint P-25/T-16 Oppenheimer Fellow supported by LANL, and a co-worker on some of our LDRD activities.  He has been promoted to a TSM within T-division, but his very significant contributions to heavy ion theory, high level of activity in the theoretical community, and interaction with group members continue to make him an invaluable asset to the group.  Details of his theoretical activities can be found in the FWP for KB03.

Personnel Changes

A new TSM, Xiaodong Jiang from Rutgers University, joined the group in November 2007 to support efforts in KB02 and KB01. Prior to joining the Los Alamos group, his work has been primarily centered on quark spin physics  at the Thomas Jefferson National Accelerator Facility (JLab).  Paul Constantin and Anuj Purwar finished their post-doc terms this year.  Carlos Camacho received a permanent position at CNRS in France, so finished his post-doc early.   Han Liu was hired as a post-doc within the group, and two new post-docs are about to start with our group:  Zhengyun You of Peking University and Lei Guo of Jefferson Lab

Key Roles

The LANL team has had several lead roles in the PHENIX collaboration and the heavy ion community.   Ming Liu continues to serve on the PHENIX Institutional Board for PHENIX, Mike Leitch is a member of the Executive Council for PHENIX, and Melynda Brooks was the co-convener of the Heavy Physics Working Group until the summer of 2005 and then became a member of the PHENIX Speaker’s Bureau.    In addition, Mike served as PHENIX Run Coordinator for RHIC Run07, is currently serving in the same position for RHIC Run08 and Sergey Butsyk, Mike and Ming have  served as PHENIX Period Coordinator.  Mike is also slated to become a Heavy Physics Working Group co-convenor once he finishes his term as Run Coordinator. Melynda Brooks is Project Manager for the Forward Silicon Vertex Upgrade system for PHENIX (FVTX), with Dave Lee as the deputy.  Dave also continues the role of subsystem manager for the muon mechanical systems and is the physicist liaison to HYTEC for the central silicon tracker (VTX) mechanical work.  The Los Alamos team continues to play a lead role as a group in the operation of the PHENIX muon tracker detector system, with Mike Leitch recently taking over the role of Detector Council member for Muon Tracking.  Mike Leitch is the  Co-convenor for "Forward Physics and p+A Collisions" Working Group for RHIC-II Science.  Dave Lee served on the NSAC Long Range Planning Committee.   Ming Liu continues to lead the single muon working group which has produced a number of new physics results this year and with some help from other LANL personnel, NMSU and UNM he is leading the spin program using the muon arms.  

The group has lead a number of physics analysis efforts and served on numerous paper preparation groups (PPGs) for PHENIX. The group has also served on several Internal Review Committees for PHENIX (groups of three people who provide the final review of papers that go to publication). 

We have been working under two LDRD grants this year, and have received a new ER grant which will run FY08 – FY10.  The ongoing grants are a DR grant for $1.4M per year (for three years) which will provide a prototype forward silicon tracker for PHENIX and advances the heavy quark theory work, and an ER grant for $250k per year (for three years) which supports work on heavy-ion physics using the CMS detector at LHC.  Pat McGaughey, along with Ivan Vitev of T-division lead the DR efforts along with Gerd Kunde, Gary Grim (P-23), Sergey Butsyk and Anuj Purwar.  Gerd Kunde is the PI for the CMS efforts working along with Paul Constantin, Camelia Mironov and Maria Castro (a post-baccalaureate student).  Our new ER grant is to study energy loss in nuclear matter using special data runs from FNAL experiment E906.  This LDRD combines experimental efforts in P-25 with theoretical efforts in T-division to advance the theory of energy loss in nuclear matter.  Ming Liu and Ivan Vitev are co-PIs for the project and Pat McGaughey will also be working part-time on the project.

Los Alamos has organized several analysis workships and meetings to organize the forward silicon tracker (FVTX and LDRD) efforts.  We organized a PHENIX Forward Physics workshop in Santa Fe this year, which was attended by approximately 50 people from the PHENIX collaboration.  Ming Liu was an organizer for a 6-week Spin Fest which took place in Japan this past year.

We provided various levels of support for approximately ten visitors (graduate students, post-docs and staff) from Europe, Asia and the U.S. to come and have extended stays at Los Alamos over the last year to work with us on various data analyses.  We have a faculty member from NMSU (Xiaorong Wang) a student from NMSU (Hisham Albahtain), and a student from UNM (Michael Malik) who are in residence at LANL working on the single muon analysis and the simulations of the FVTX full time.  A graduate student from Peking University (Zhengyun You) was also in residence at LANL for approximately one year working on physics analyses and analysis of the FVTX detector.  For some visitors we support housing and for all visitors we provide office space.

Gerd Kunde has hosted a very active seminar program which has brought many experimental and theoretical visitors to Los Alamos who have generally stayed for one to several days to interact with the team.

Hubert vanHecke has been involved with outreach programs for several years, including serving as “Mr. Science” for the Santa Fe school system.

20f.
Technical Progress 

Muon Spectrometers

The completed north and south muon arms continued to be very successfully operated through the RHIC Runs due in large part to continued support from the Los Alamos group.  We continue to be the experts on call for the gas, electronic, and detector systems, in conjunction, primarily, with our French collaborators, and provide regular, critical quality checks of the data throughout each run period. Mike Leitch is currently the PHENIX Detector Council member for the systems.

Forward Silicon Trackers for PHENIX (FVTX and LDRD DR)

LANL is the lead institution in the new forward silicon tracker (FVTX) upgrade for the PHENIX detector.  The proposal for the FVTX was reviewed in July 2007 by the DOE for scientific merit and in November 2007 for technical cost and schedule.  Between July and November a series of questions by the review committee were addressed and approved by the DOE and the review committee.  Subsequent to the November review the project Management Plan was iterated with the NP Program Office and is now ready to have signature approval.  We expect construction money to start in the second quarter of FY2008.  During the past year we have made substantial technical progress.  Coordinated by Jon Kapustinsky the analog and digital design of the new FPHX chip at FNAL has begun.  The digital design part is mostly complete and an internal design review with PHENIX and FNAL design teams was recently completed.  The analog design is progressing and we hope that a MOSIS submission will occur in April 2008.  The DAQ Readout Card (ROC) and Front-end Module (FEM) concepts have been successfully prototyped with FPGA commercial boards by LANL (Sergey Butsyk and Anuj Puwar).  The DAQ team consists of Sergey, Anuj Puwar, Melynda Brooks, Pat McGaughey, and a design engineer Mark Prokop. The ROC board schematic is now complete and the first printed circuit board layout is nearly complete.  This effort, to date, has been supported by our LDRD program.  Pat McGaughey has lead the effort to devise a detailed grounding and shielding scheme that will be used for defining the designs of the HDI, ROC and interconnects.  Criteria for selecting a silicon sensor have been developed and an RFQ has been issued.  A prototype sensor was received from our Czech collaborators and tested at UNM.  Also, the HDI design has started at UNM with the technical specifications provided by Los Alamos.  The mechanical design is nearing completion.  Walt Sondheim, Dave Lee, and Melynda Brooks have been working closely with our mechanical design group at HYTEC to coordinate the thermal and vibrational analysis studies, design of the support structures, and develop assembly procedures.  Recently, HYTEC has begun the prototyping of the support cage.  During the last year Hubert vanHecke, Xiaorong Wang, Melynda Brooks, Zhengyun You have completed a detailed set of simulations of the FVTX that demonstrate significant heavy flavor RAA measurements in one year of RHIC I heavy ion running, good b,c separation for the same measurements, and improved resolution and background rejection for vector mesons, allowing the first ever RHIC y’ measurement in Au-Au collisions.  We have also established that we can have high track reconstruction efficiency even in the highest occupancy events, and Dave Lee has completed a new simulation geometry package of the FVTX.

The LDRD effort is intended to provide a prototype for the FVTX DAQ system and allow for early forward rapidity heavy flavor measurements, before the FVTX detector is installed into PHENIX.  The sensors and FPIX2 chips have been purchased and are now in the process of bump bonding. Approximately half of the bump bonding has been completed with good yields.  As indicated above the DAQ prototype has made great strides and the ROC and FEM should be finished by the end of FY2008.  Jon Kapustinsky has lead the sensor effort and leadership and oversight has been provided by Pat McGaughey, Gerd Kunde, Walt Sondheim, and Mark Prokop.  Hubert vanHecke and Michael Malik (UNM) have initiated a simulation effort for the LDRD.

Silicon Vertex Detector Upgrade (VTX) 

The silicon vertex effort (VTX) began construction in 2007.  LANL is leading the mechanical engineering effort with HYTEC.  Walt Sondheim is the lead engineer for the project and Dave Lee is the liaison physicist.  Close coordination has been very important due to the need to seamlessly integrate the FVTX into the VTX enclosure.  The VTX designs have progressed substantially and with support from LANL base program a full set of combined VTX/FVTX thermal, cooling, and vibrational analysis has been finished.    

RHIC Analysis Efforts

In addition to the support roles and hardware activities in the group, much of the team’s time is spent on data analyses and leading new physics initiatives.   Our analysis efforts this year have included publishing the final results on di-hadron correlations and J/y production in Au+Au collisions using the PHENIX detector, publishing new results analyzing J/y production in d+Au collisions (including a shadowing and energy loss extraction), making the first extraction of y’ from the PHENIX muon arms and the first extraction of direct open charm production from D(Kppusing the PHENIX central arm detectors. In addition, we have spent significant efforts this year studying and verifying the physics measurements that can be made with the muon arms in conjunction with the FVTX detector.  

The LANL group still retains much of the muon software expertise at our institution and we are continuing to exploit our software and detector expertise to extract the best performance that we can from the muon arms.  We led the efforts needed to extract tracks from high occupancy Au+Au events with good efficiency (critical for the J/y program) and to provide an accurate simulation of the detector, and are now concentrating our efforts on obtaining the best momentum resolution performance we can from the spectrometers.  This work is critical for the future vector meson measurement program (the best possible mass resolution is needed to cleanly extract y’ and upsilon states) and the future high momentum single particle measurements (especially heavy flavor and W measurements where good resolution is needed to reconstruct high momentum tracks with confidence).  We have already extracted the first measurement of y’ using the muon arms, and will use this and our high statistics J/y samples to understand the alignment, detector resolution, and other contributions to the mass resolution so that we can tune the reconstruction to give us the best possible performance and can be sure that our simulations accurately reflect the detector performance even at the highest possible momenta.  With this work we hope to achieve the best possible extraction of upsilons with the current detector and prepare ourselves for the future vector meson and high momentum single muon measurements that we will make with the muon arms and the muon arms in conjunction with the FVTX detector.

LDRD ER:  Heavy Ion Physics using CMS Detector at LHC:

Through LDRD ER support, we have been studying the possibility of measuring the leptonic decay of a high transverse momentum Z-boson in association with a hadronic jet at the LHC using the CMS detector.  This provides a unique probe: the transverse momentum of the jet is highly correlated to that of the Z (both are equal and opposite) but the leptonic pair does not couple with the medium as the opposite hadronic side does. Based on energy conservation between Z and the jet, a precise energy loss measurement can be done, which allows for a determination of the momentum fraction of the far side hadrons (i.e. the fragmentation function).

After concluding the generator level studies for estimating the rates of both signal (Z0 jet) and background (heavy quark pair jet) and for studying their kinematical properties, we performed detector response simulations for studying the detector reconstruction capabilities of the Z-boson. Given the fact that the first experimental data at LHC will be in 2008 in pp collisions, we did our investigations for this scenario.  The results show that CMS detector is very efficient in identifying the Z, with high purity, and good resolution up to very high transverse momentum values.

Theory:

We have been working closely with members of T-division on our silicon vertex detector LDRD DR (especially Ivan Vitev, Rajan Gupta, Emil Motolla), on the LDRD ER looking at energy loss in nuclear matter (Ivan Vitev, co-PI), and are putting forth a new joint P-Division/T-Division LDRD DR proposal to work on LHC physics.

20g.
Future Accomplishments 

RHIC Analysis Efforts

The next few year’s of RHIC running are expected to bring more Au+Au runs, a beam energy scan, and possibly some running with different ions.  We do not expect the near-term runs to allow significant improvement in the physics channels that we have studied recently (for example, J/y production and hadron-hadron correlations in Au+Au), so we expect to spend our time understanding the cold-nuclear matter effects on particle production with the latest d+Au RHIC run, expanding the physics signals that we measure at RHIC, leading the construction effort of the FVTX detector (and preparing for future data analyses with this detector) and exploring new physics at the LHC.  

The Run 8 d+Au run will significantly improve the physics measurements that were made with Run 3, providing a factor of approximately 30 times more statistics.  With these increased statistics, the ambiguity in the interpretation of cold nuclear matter effects and the extrapolation to Au+Au collisions should be largely removed, allowing for a much cleaner interpretation of the particle production in Au+Au collisions.  LANL expects to continue to be a leader in the analysis of the J/y data and to work closely with theorists to interpret the cold nuclear matter effects, as we have in the past.  

We are also working on advancing our understanding of quarkonia production by adding y’ and upsilon measurements to the J/y measurements that are currently available from the muon arm.  The addition of the FVTX detector will ultimately significantly mprove our ability to separate the J/y and y’ peaks, but we can get some crude measurements of y’ production now with a careful fitting of the continuum background and the J/y and y’ mass region.  Also, by tuning the performance of the muon arms now to get the best possible dimuon performance, we will help ensure that when the FVTX detector is in place that we can take full advantage of the improved mass resolution that the FVTX will bring.  We are therefore working on extracting y’ counts from the p+p, d+Au and A+A data sets now and will work carefully on tuning the reconstruction parameters that affect the mass resolution:  alignment of the detector components, the extracted detector hit positions (resolution), the fitting in the magnetic field and extrapolation of the tracks to the vertex point.  With this work we will (1) provide the first y’ measurement (2) hopefully improve muon spectrometer performance and allow better J/y and y’ peak separations now, and with the FVTX,  (3) hopefully improve overall muon spectrometer performance at high pT, which is critical for future single-muon measurements such as open heavy flavor from single muons and W measurements via single muons.

We have already accomplished the first direct open charm measurement in PHENIX via the channel D(Kpp, and will continue work on this channel so that we can extract cross sections and carry out the measurement in d+Au and A+A systems.

Forward Silicon Trackers for PHENIX

The FY2009-FY2010 silicon efforts will center on construction of the detector and readout systems.  The FVTX mechanical designs will be completed by the end of FY2008 followed by construction of the carbon backplanes, disks, and cages.  Sensor procurement occurs in 2009 followed by testing.  The FPHX is expected to be finished and the production engineering run completed in 2009.  Assembly and testing of the wedges begin in 2009 and into 2010.  Assembly and testing of the disks and half cages will occur in 2010.  The final DAQ designs will be completed in 2009 and construction in 2010.  LANL is leading the DAQ effort and collaborators from Columbia, UNM, NMSU will be leading the efforts of a number of the other sub-tasks in the project. LANL will be playing the lead role in electronic and mechanical integration.   

The LDRD silicon tracker is expected to be completed by the end of FY08 and we are working with PHENIX management to determine when it will be possible to install the detector in PHENIX, prior to the FVTX installation.  We will actively pursue commissioning of the detector with the PHENIX DAQ system as soon as the detector is completed so that we will be ready to take full advantage of any physics running that may be possible between now and FY11, when the FVTX detector is expected to be completed.  With this detector, we will be able to collect enough data to get RAA measurements of open heavy flavor in heavy ion running, RdA in d+Au running, and/or the first clean heavy flavor cross section measurement at forward rapidity in p+p running.

The VTX construction will continue through 2009 and into 2010.  We will be busy overseeing the procurement of the mechanical parts for the VTX tracker and closely working with the PHENIX engineers in integrating the two detectors, VTX and FVTX, into the PHENIX detector.  

LHC Heavy Ion Activities

The QGP studies at RHIC, even though successful in finding the QGP, have been limited to measuring leading hadrons from jets. With the advent of the LHC with its high yields of hard probes, jet tomography becomes possible. We established over the last two years under LDRD ER funding that unambiguous tagging of jets will be feasible; first in generator studies [QM2006, CMS Physics TDR: Hot Matter QCD] and last year in full simulations using the CMS software [CMS analysis note]. We proposed Z-tagging of jets; the Z is reconstructed via its two muon decay, the forte of CMS, and the jet is analyzed via the tracking and calorimetry. For the first time this tagging will allow us to directly measure the initial energy of the jet, before it traverses the medium. This technique will allow us to replace the variable RAA, used in RHIC analyses, with the direct measurement of the ratio of fragmentation functions, DAA, measured in the medium compared to the pp case. The new variable DAA will allow for a much cleaner comparison to theory and will lead to a direct measurement of the opacity of the QGP. In order to interpolate to the not measured pp reference at 5.5 TeV we will perform QCD extrapolations from fragmentation functions we measure in CMS at 14.4 TeV. In order ensure this extrapolation will be possible, we are involved in the precision luminosity measurement which will be possible with the Pixel Luminosity Telescope that is proposed to CMS. 

Our current LDRD support will end at the end of FY08.  To support future efforts, we have submitted a proposal for a new LANL LDRD DR project that would provide support for a small team of LANL experimentalists and theoreticians to join the CMS collaboration.  If funded, we would lead precision jet radiographic measurements of the quark-gluon plasma and would also lead the construction of a diamond pixel based luminosity monitor that is capable of a determination with 1% uncertainty. This DR grant would couple the High Energy and High Energy Nuclear expertise to study physics beyond the standard model, accessible via multi jet events, the evolution of the QGP via lattice calculation and precision tomography of the QGP via jets. We have been invited to join the collaboration because of our unique skill set: muon measurements at RHIC (the PHENIX muon arms), vertex tracking in HI collisions (LDRD-DR and FVTX) and our demonstrated analysis skills in p-p and A-A collisions.

This early involvement with the CMS physics program would pave the way for us to transition to working at the LHC. After the FVTX heavy quark and spin measurements at PHENIX are completed, we anticipate that a reasonable fraction of the team will become involved with the heavy ion program at CMS, as it represents the next energy frontier. LDRD funding would allow us to add the necessary manpower to begin participation now, without impacting our participation in PHENIX. If we are unable to obtain this funding, we still expect to participate in the LHC program, but at a much smaller level until our objectives at RHIC have been achieved.

Milestones

· Advance quarkonia studies in heavy-ion collisions by measuring cold nuclear matter modification to J/ production, and extracting ’ and upsilon signals as upcoming run statistics allow.

· Investigate other channels for making heavy quark measurements:  reconstruction of D mesons in lighter systems, heavy flavor via single muons in heavy-ion collisions and the e- channel if statistics and backgrounds allow it, to help disentangle J/ suppression due to the QGP from nuclear medium effects.

· Measure π, K and heavy flavor production at forward rapidity via their decays to muons.

· Look for new measurement channels to probe the properties of  the QGP formed at RHIC.

· Analyze the first p+p and Pb+Pb data from CMS experiment to look at Z0-jet azimuthal correlations

· Install the prototype silicon vertex detector upgrade produced by our LDRD grant and take the first PHENIX data that can be heavy-flavor tagged at forward rapidities.

· Lead the construction project of the FVTX detector in FY08-FY11.   In addition to managing the FVTX project, LANL leads the efforts in developing the DAQ system for the detector, provides oversight for the silicon readout chip development at FNAL and the silicon prototyping and production, and plays leading roles in the simulation efforts and preparation for data taking.

· Our LHC heavy ion efforts will continue to be supported by our LDRD ER grant through FY08 which will allow us to continue to prepare for analysis of the first LHC data.  We are actively pursuing an LDRD DR grant to allow us to continue our LHC activities while we concurrently carry out our RHIC physics program.  If we are not able to obtain an LDRD grant starting in FY09, we propose to continue some modest level of activity on LHC work so that we can continue to make significant contributions to the CMS heavy ion program during the critical period when the first data will be obtained by the detector.

· Continue to work with Ramona Vogt and other theorists to understand extrapolation of cold nuclear effects measured in dAu collisions to CuCu and AuAu collisions.

20h.
Relationships To Other Projects

There continues to be a strong overlap between PHENIX activities supported by KB02 and the quark-gluon physics program of KB01.

In addition, we are working under three separate Laboratory-Directed Research and Development projects, as outlined in the previous sections.  They involve developing a prototype for the forward silicon-vertex detector upgrade project, exploring heavy ion physics measurements at the LHC, and measuring and modeling partonic energy loss in cold nuclear matter.  

Members of the team have also contributed to the Muon Radiography efforts in P-25 (especially Pat McGaughey), and several former members of the team are currently contributing to other efforts at LANL and other national laboratories.  The Muon Radiography project uses naturally occurring cosmic ray muons to detect fissile material hidden in vehicles or cargo containers.  Muons are tracked entering and exiting the detector volume to determine if something has interacted, indicative of high-Z material.  Sophisticated electronics and data analysis allow a real time evaluation of a threat.  The technique is being commercialized and a full size prototype is currently being constructed in collaboration with an industrial partner.  Pat has lead development of the detector electronics, making use of skills he developed in nuclear physics experiments.

15 I.
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