Report of Russian Participation on the STAR Project for the

Twenty Fifth Session of the US-Russian Federation (JCC-FPM)

Russian effort on the operation of the STAR detector, as well as on the construction of additional experimental detectors for STAR continues to be extremely important to the success of the STAR program. Key activities to which Russian scientists and engineers are contributing include maintenance and repair of the gas and laser calibration systems for the STAR Time Projection Chamber (TPC) by the Moscow Engineering Physics (MEPhI) team, and the construction of hardware and electronic components for the barrel (BEMC) and endcap (EEMC) electromagnetic calorimeters and shower maximum detectors (SMDs) by the Particle Physics Laboratory (PPL) and Laboratory of High Energy (LHE) at JINR and the Institute of High Energy Physics (IHEP) at Protvino. 

An important new aspect of Russian activity on STAR is the participation by the Institute of High Energy Physics (IHEP) at Protvino in the construction of an array of lead glass calorimeters with scintillator shower maximum detectors. This detector array, called the Forward Pi Zero Detector (FPD), has been constructed using 330 lead glass blocks (plus photomultipliers and bases) contributed by IHEP. It will be used to measure the single spin asymmetry of inclusively produced forward (º mesons from transversely polarized proton-proton interactions. This measurement will re-examine the asymmetry discovered earlier by the Protvino team and collaborators on experiment E704 at Fermilab. Early results from a prototype detector installed in STAR for the 2002 polarized proton run indicate the asymmetry observed in E704 is also seen at RHIC. It appears to be as large, suggesting the magnitude of the effect does not depend on the energy of the beam. These results have sparked renewed interest worldwide in transverse spin studies. In the instance of the STAR measurement, the observed effect is believed to be related either to transversity or parton orbital motion in the proton. 

Another important new scientific effort has been begun in STAR by the MEPhI team. Professor Okorokov from MEPhI has assembled a team to study Hanbury-Brown Twiss correlations in relativistic heavy ion collisions. The observed HBT radii from central AuAu collisions suggest the duration time for particle emission during hadronization is very short (about 1.5 fm/c). The work being done by the MEPhI team will be central to unfolding the interpretation of this result, which is essential for a full explanation of observations at RHIC that suggest a new condition of matter is being formed. Initial HBT results from STAR were presented by Okorokov at the XXXII International Symposium on Multi-Particle Dynamics held in the Ukraine (Alushta) in September 2002.

There are four Russian groups within the STAR Collaboration: the Institute for High Energy Physics (IHEP) at Protvino, Moscow Engineering Physics Institute (MEPhI), the Laboratory of Particle Physics (PPL) of the Joint Institute for Nuclear Research (JINR), and the Laboratory of High Energy (LHE) of JINR. In addition to providing technical expertise, these groups bring considerable strength to the STAR Collaboration in the area of spin physics through a long tradition of leadership and accomplishment in this area.

The group from IHEP is under the direction of Dr. A. A. Derevschikov and Dr. A. N. Vasiliev. It presently consists of approximately 15 physicists and engineers including A. Derevschikov, V. Khodyrev, A. Konstantinov, V. Leontiev, Yu. Matulenko, Yu. Melnik, A. Meschanin, N. Minaev, L. Nogach, S. Nurushev, K. Shestermanov, L. Soloviev, V. Tikhonov, A. Vasiliev, and A. Yakutin.

As in previous years, with support from both U.S. and Russian sources, the IHEP group continues to make a crucial contribution to STAR, particularly with regard to the assembly and test of the first working modules of the Barrel Electromagnetic Calorimeter (BEMC) and Shower Maximum Detector (SMD). The scientific focus of the group is analyzing STAR data to search for the quark-gluon plasma, and the study of spin physics with the use of the STAR EMC and SMD. In addition, as noted above, the participation from Protvino is entering an important new phase. Specifically, members of the IHEP team, using lead glass they have contributed from the previous E704 experiment, are playing a leading role in assembling and testing the STAR Forward Pi Zero Detector (FPD) array. 

This detector consists of two sets of 4 calorimeters, with one 4-calorimeter array located on each end of the STAR detector. This instrumentation is crucial for the STAR scientific program for several reasons. First, the two arrays will serve as local polarimeters and will allow STAR to determine that transverse polarization components have been effectively tuned out by the RHIC spin rotators during periods of running with longitudinal polarization. This will verify that the polarized beams used to measure the spin dependent gluon distribution of the proton (delta G(x)) are fully longitudinal. Secondly, these detector arrays will allow further study of the pi zero asymmetry observed in single spin transversely polarized proton interactions. This study is attracting world attention and interest, as the observed effect is thought to be related either to transversity or parton orbital momentum. Finally these calorimeter arrays will allow STAR to make a first measurement at RHIC of the gluon distribution in the Au nucleus in d + Au interactions. This data is crucial for distinguishing between several models which claim to explain the suppression of back-to-back jets being observed in central AuAu interactions at RHIC.

During this year, Kodyrev, Nogach, Shestermanov, Meschanin, and Kravtsov spent extended periods at Brookhaven National Laboratory to work on the following tasks:

a) preparation of the assembly/testing factory for the IHEP lead glass counters shipped from Jefferson Laboratory to BNL

b) analysis of the data from the small prototype FPD detector used in RHIC run II, in particular to establish the calibration of the energy scale

c) test and assembly of components from IHEP (lead glass, photomultipliers, bases) for the FPD detector

d) installation of the FPD detector in STAR

e) installation of the STAR beam-beam counters, a related trigger detector array

f) development and application of jet reconstruction algorithms to use in analysis of minimum bias pp events

This work will be continued at BNL by Anatoly Derevschikov, Yuri Matulenko, and Dmitry Morozov in the near future with further participation by other IHEP team members throughout 2003.

The group from Moscow Engineering Physics Institute (MEPhI) is comprised of 11 physicists and engineers and is headed by Dr. Mikhail Strikhanov. The list of members actively participating in STAR includes: A. Brandin, V. Emel'yanov, E. Gushin, L. Kotchenda, P. Kravtsov, V. Okorokov, A. Ridiger, M. Strikhanov, S. Timoshenko, V. Trofimov, and M. Vznuzdaev.

An important new aspect of MEPhI's participation in STAR is the creation of a team to work on Hanbury-Brown Twiss interferometry in relativistic heavy ion collisions. The team is headed by V. Okorokov. The scientific study which is planned will be fundamental in providing clues to the interpretation of HBT measurements in AuAu collisions at RHIC, and the apparent observation of an anomalously short period for particle production during hadronization (approximately1.5 fm/c). Additional physics effort within the MEPhI group is focused on studying coherent particle production from two-photon, pomeron-photon, and pomeron-pomeron interactions in ultra-peripheral nucleus-nucleus collisions.

With respect to technical tasks, the MEPhI group is continuing its responsibilities for expert operation and maintenance of several STAR systems key to the operation of the STAR Time Projection Chamber (TPC). These include the gas handling system and the laser calibration system.

Specifically, with regard to the gas system, members of this team continue to maintain responsibility for proper operation and maintenance of:

a.
methane analyzers, barometers, valves, and pipes

b.
calibration of new barometers and gas analyzers

c.
the user interface on the PC for the STAR gas system

d.
controls and alarms, based on microprocessor and commercial readout  (SCXI National Instrument Company)

e.
maintenance of gas system spares inventory and controller backup to provide gas system reliability

With regard to the STAR laser systems the team is responsible for tasks involving:

a. maintenance, operation, and calibration of the laser system for the STAR Time Projection  chamber and the two STAR Forward Time Projection Chambers (FTPC's)

b.  maintenance of the user interface (GUI) to provide efficient operation of laser system

Members of this group are also continuing to participate in a collaborative research and development effort with Burle Industries (Lancaster, PA), Brookhaven National Laboratory, and Rice University on the development of a new photomultiplier. In the past year, agreements regarding the work plan for this R&D project have been signed, and the design work in Russia has begun.

The 32 members of the group from the Laboratory of High Energy (JINR) actively participating in STAR include: D. Adamova, H. Agakishiev, N. Amelin, P. Aslanyan, G. Averichev, V. Belaga, S. Chernenko, V. Dunin, L. Efimov, N. Gagunashvili, A. Goltsev, A. Kovalenko, A. Kulikov, A. Kuznetsov, R. Lednitsky, E. Matushevsky, J. Musulmanbekov, G. Osokov, Y. Panebratsev, M. Pentia, E. Potrebenikova, O. Rogachevskiy, E. Shahaliev, S. Shimansky, G. Skoro, L. Smykov, V. Tikhomirov, M. Tokarev, V. Yurevich, Y. Zanevsky, I. Zborovsky, A. Zubarev.

In the past year, progress was continued towards the construction of an Endcap Electromagnetic Calorimeter (EEMC) for the STAR Detector. This detector is essential for STAR's measurement of the spin dependent gluon distribution of the proton ((G(x)). The team from LHE has made major contributions by fabricating both mechanical and electronics components for the tower structure and shower maximum detector for the EEMC.  In particular, LHE physicists together with scientists from Indiana University who are leading the construction project have made a significant contribution in the development and fabrication of Cockroft-Walton PMT bases for single and multi-anode photomultiplier tubes for the endcap EMC towers and shower maximum detectors. Members of this team have also participated directly in setting up the assembly of the shower maximum detector for the EEMC at Argonne National Laboratory. Other members of the LHE team are working on Monte Carlo simulations related to the spin physics research program that can be addressed with the addition of the STAR EEMC. 

A key contribution to the EEMC project as well as STAR in general is the expertise provided in the area of slow controls. A sophisticated slow controls system is required for proper operation of the EEMC, and the unique knowledge provided by the LHE expert stationed at BNL (Kulikov) is a major contribution to the EEMC construction project. The LHE team is also taking major responsibility for shift-work devoted to the acquisition of STAR data. 

The fourth Russian group participating in STAR under the direction of Dr. I. A. Savin and R. Zoulkarneev is from the Laboratory of Particle Physics of the Joint Institute for Nuclear Research. There are 15 members of the LPP group actively participating in STAR: D. Arkhipkin, Yu. Ivanshin, R. Kutuev, V. Nikitin, V. Petrov, I. Roufanov, I. Savin, I. Vasilevski, R. Zoulkarneev, Y. Zoulkarneeva. 

In the past year, scientists and engineers from the PPL group participating on STAR have made a key contribution to the barrel EMC construction, particularly with regard to fabricating the boxes used to hold the photomultipliers for the BEMC towers. Members of this group are also participating in STAR shift work. The physics interest of the group is strongly focused towards the polarized proton program at RHIC, and studying the spin-dependent parton distributions of the proton.

This group is also exploring the possibility, along with the Charles University in Prague of proposing to build a set of forward calorimeters for STAR to extend the scientific reach of STAR's in the areas of diffractive and ultra-peripheral collision physics.

The travel projected for the coming year for joint effort on the STAR 

project includes:
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With this basis for communication and cooperation it is expected that the 

Russian groups in STAR will continue to play a major role both in supporting 

the operation of the detector, extending STAR’s future physics reach, and

producing important physics results from the ongoing data acquisition program

* For the groups from PPL and LHE the projected travel for 

the coming year is supported primarily by operating funds from 

those institutions, with some small additional support possible from 

STAR. The travel indicated in this case is therefore less than for the other 

institutions, and less than optimal to make full advantage of the manpower 

which is available for STAR research.

