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Progress Report

The relativistic heavy ion group at the University of California, RIverside consists of two faculty, Richard Seto and Kenneth Barish, three research associates Xinuhua Li, Stephan Bathe, and Xie Wei and  one graduate student Dmitri Kotchetkov. Two students, Munir Muniriiuzzaman and Tahsina Ferdousi have completed their degrees. Essentially all of our activity is on PHENIX, where we have been involved in the data taking, data production, and analysis. Most of our activity in the past year has been in data analysis (J/(, (0, (/(, and single electrons), preparation for and taking part in the run (the trigger and upkeep of TEC electronics), and planning for upgrades (the nosecone calorimeter and the muon trigger).
RUN 3 

As members of the PHENIX collaboration, we are required to be taken a requisite number of shifts and maintain the detectors for which we have been responsible. All members of group have taken their share of shifts. Xin-hua lead the effort to maintain the TEC electronics will help from Dmitri. Munir, Stephen, and Rich. Wei and Ken did installation and maintenance of the trigger.  Dmitri now serves a deputy production manager, a critical service to PHENIX. He together with Jan Rak of Iowa State and Dong Jo Kim of Yonsei are responsible for the data production of the past run which we hope to have complete in time to for QM04.

ERT Trigger

In 2001 UCR proposed to implement a Level-1 trigger to enable charged and neutral pion, direct photon, single electron, and J/ central arm measurements in p+p and d+Au collisions with PHENIX. In RHIC FY01 we implemented the first step of this proposal by commissioning a simplified version of the ERT (EMCal RICH trigger), which was sufficient for the luminosities that were delivered by RHIC. We played a leading role all aspects of implementing these triggers: we commissioned the EMCal trigger cards, Read-Out Cards, and designed and implemented a CAMAC-based logic. Ken Barish co-leads the ERT trigger effort. We used the data to compare the rejection power of the trigger with that from our Monte Carlo simulations, determined trigger efficiencies, and projections for the d+Au and p+p runs in FY02. 
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The PHENIX measurements of the J/ and from the FY01 RHIC p+p run and FY02 RHIC p+p and d+Au runs are  made possible with the blue logic implementation of the ERT trigger: (left ) electron momentum distribution from the d+Au run for scaled minimum bias and electron trigger events from a small number of events, showing the trigger is efficient by 1.5GeV/c.  (right) photon momentum distribution from the FY02 run for scaled low threshold reference data and photon triggered events. All of the statistics for our p+p and d+Au measurements above approximately 4 GeV come from ERT triggered events.  
In the RHIC FY02 d+A run we implemented the second step of the proposal by implementing a coincidence between the RICH and EMCal at the half-sector level, forming an effective single electron, light vector meson, and heavy vector meson trigger. The trigger has allowed us to sample all of the delivered luminosity for electrons over ~1 GeV, neutral pions, and photons over 2.5 GeV. It also is serves as a charged hadron trigger.  Fig.1 shows the electron trigger from the FY02 d+Au run and the photon trigger for the FY01 p+p run. We are working now to further sharpen up the trigger turn-on-curves before the FY03 p+p run.

Analysis 

As might be expected, a majority of our time has been spent in data analysis. We have been taking part in 3 major efforts: the J/( analysis, done by Xie Wei and Ken, the (0 analysis done by Stephen Bathe, and the since electron-light vector meson work done by Xin-hua and Richard. As the quark matter conference approaches, and the data becomes available Xinhua and Dmitri will join the J/( effort and concentrate on the pp data where we expect to have about a factor of 5 better statistics than the published pp J/(. This latter measurement will be important to establishing the behavior of the J/( in dA collisions (worked on by Wei), and later to determine whether there is suppression in Au-Au collisions.

0 Analysis
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(left) production in p+p collisions (right) Nuclear modification factor (yield divided by binary collision scaled p+p collisions) in d+Au and Au+Au collisions.. 

The discovery of the suppression of high pT neutral pions was perhaps the most exciting result from the first year of RHIC running. 

In FY01 we followed with a measurement reaching much high transverse momentum (see Fig 2), solidifying the presence of this phenomena and putting strict constraints on theoretical models. UCR was deeply involved in the preparation of this paper (Ken was chair of the internal review committee). These results require a baseline measurement in p+p collisions, and the lack of an appropriate p+p measurement was the largest error in our first year results. 

In the FY01 we also made the appropriate p+p measurement (see Fig 2).  UCR was deeply involved in this paper (Ken was again chair of this papers internal review committee). Moreover, it was facilitated by the trigger discussed in the previous section that was proposed and is being led by UCR and Wei Xie contributed to the understanding of the trigger efficiency for this analysis. 

In order to establish that the phenomenon is in the matter we create rather than initial property, we ran d+Au collisions at the appropriate energy in FY02. We found an absence of neutral pion suppression in d+Au collisions (see Fig 2), clearly establishing that we are creating a novel form of matter.  This data again required the trigger UCR developed and Stefan was as a primary contributor to the analysis and a member of the committee that prepared the paper. He reported on these results in an important international conference and is now a core contributor to the detailed centrality analysis of this data. 

J/ Analysis
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(left) Energy dependence of the J/ cross-section in p+p collisions (right) J/ results in Au+Au collisions. 

The measurement of the J/ is A+A, d+A, and p+p collisions is perhaps the best way to establish that the novel form of matter we are creating is de-confined and to measure some of its properties. UCR plays a central role in the heavy flavor physics program. We proposed and implemented the electron triggers in p+p and d+Au collisions as described in the previous section. We also developed an higher level (Level-2) trigger for Au+Au collisions. These triggers were fully successful during the second and third years of RHIC running and allowed us to sample all of the available data.  

Using the FY01 p+p electron triggered data we produced the first results on J/ production in p+p collisions (see Fig 3). Wei Xie contributed to nearly every aspect of this analysis, was a main author to the internal analysis note, and was a member of the committee that produced the paper. These results provided information on the production of the J/ particle and are used as the reference data for the Au+Au paper. This paper has received favorable reviews, and we expect it to be accepted by Physical Review Letters soon. 

Using the FY02 Au+Au data we produced the first results on J/ production in Au+Au collisions (see Fig 3). The Level-2 trigger algorithm we developed and implemented increased the sensitivity of the measurement by a factor of 2, and Wei was a core contributor to the analysis and paper. His analysis helped reveal that we did not see a significant signal from this dataset, possibly indicating that the J/ is heavy suppressed and which is a signal that the quark-gluon plasma is being produced. Wei gave invited talk on our heavy flavor program at the Nuclear Physics Winter Workshop and at the International Workshop on Heavy Quarkonium.  

The trigger and analysis techniques that UCR has developed will be essential in future high-luminosity Au+Au running. Wei is currently leading the effort to analyze the Year-3 d+Au and p+p J/  data. These results will provide further insight into the production of the J/ particle, and provide a baseline for future Au+Au measurements. We expect first results in time for the Quark Matter 2004 conference. 

Light Vector Mesons and Electrons

Richard Seto together with Munir Muniuzzaman have been working on the analysis of the di-kaon decay of the ( which is now nearly complete, where the past year has been spent on reanalyzing and recalibrating the detector, in particular the timing of the Electromagnetic calorimeter for the particle identification of kaons to increase the acceptance of the. A paper is now in preparation for which both Munir and Richard are on the paper-preparation committee. (Although Munir has now gone into industry he still joins the meeting of the PPG and will continue with the analysis till the paper is published). 

Xin-hua Li has been studying the production of charm in pp collisions by looking at the single electrons. This will be a nice comparison to make with the data from the J/
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Richard Seto is also hoping for a first measurement of the omega and phi to di-electrons in dA collisions, perhaps by the time of quark matter. Figure ? shows the preliminary signal using about 10% of the data on a preliminarily production pass. This of course is interesting because of its connection to chiral symmetry restoration. We note that at lower energies E325 at KEK has seen evidence of a shift in mass of the omega to dielectron channel[ref].  Depending on the speed of analysis we may also have the ratio of the KK and electron branching ratio of the phi, thought to be extremely sensitive to mass shifts of either the phi or kaons [ref]. 

Upgrades- the nosecone calorimeter

We are proposing a major upgrade that will significantly enhance the performance of the PHENIX detector in the forward region.  This includes a muon trigger, critical for the spin program to take high luminosity pp data, as well as for the heavy ion program for doing Upsilon physics when the luminosity is increased in the machine upgrade (RHIC II). Ken Barish is heavily involved in the upgrade to this trigger that will use many of the same techniques and electronics of the Electron-Rich Trigger.

A second component of this upgrade will be the nose-cone electromagnetic calorimeter. The copper nose-cone will be replaced by a tungsten sampling calorimeter read out by layers of silicon. Behind the magnet will be located a second component of the calorimeter (the “tail catcher”) to get a rough hadronic measurement of the jet. This calorimeter will then give us accurate special resolution, critical for separating photons from pi0’s and reasonable energy resolution. Together with the hadronic section, this will allow us to measure direct photons, charm, and vector mesons opposite a jet. Charm and the vector mesons can be measured both in the electron and muon channel. Pairs of charmed mesons can be measured in the mu-e channel. This will then give us access to the gluon distribution in the very low-x region down to x=10-3 where effects gluon saturation (the Colored Glass Condensate) should appear.  More studies are being done to see if the calorimeter can also be useful in the muon trigger. There is also a discussion being planned to understand if it is worth merging the forward silicon spectrometer being proposed by the silicon upgrade group and the nose-cone calorimeter to save money and space. BNL, Riken, and the University of Illinois are participating in this upgrade. 

We propose to request funds from the NSF for this upgrade. A workshop, including both theorists and PHENIX experimentalists is being planned at the University of Illinois, Urbana-Champagne for November 8-9 for the study and design of this upgrade in preparation for a proposal to be submitted for an NSF MRI in January – This will most likely be submitted by UIUC and UCR. 

Personnel Status

. Richard Seto is a full professor. Kenneth Barish, now an assistant professor, undergoes tenure review this year.  Stephan Bathe and Xinhua Li continue as post-docs, and Xie Wei has promoted to Research Scientist I.  Richard Seto has ended his term as the chair of the RHIC/AGS Users’ Executive committee and remains on the committee as past-chair. He also serves on NSAC (the Nuclear Science Advisory Committee) and on the PHENIX executive committee. Kenneth Barish serves as a co-convener of the spin-working group. 
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