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Abstract

BTeV is a new experiment being prepared at FNAL, USA to start data taking in 2008. It is aimed at challenging the Standard Model explanation of CP-violation, mixing and rare decays in the b and  c quark systems. A thorough investigation of B decays requires the ability to study decay modes containing single photons, (0's, and (’s. An electromagnetic calorimeter (EMCAL) made of lead tungstate (PWO) crystals has  been selected for the BTeV experiment. R&D is necessary to understand the crystal quality required to obtain the expected resolution. Furthermore, we need to evaluate the performance of lead tungstate crystals produced by the four different manufacturers and choose between them. More specific tasks are to understand how to set specifications for purchasing crystals, confirm the energy and position resolution expectations, measure the radiation rate dependence of the light output, and measure the correlation between light output and the Light Emitting Diode (LED) based calibration system at varying radiation loads.  The  main goals of the proposed project are to provide a thorough study of the BTeV EMCAL prototype performance and radiation hardness,  to design, produce and study in a test beam a full scale prototype of LED monitoring system for BTeV EMCAL and eventually to design and build a full-scale prototype of Quality assurance system of PWO crystals. 

Project Narrative

A. The approach, objectives and milestones

The proposed project is an important part of the R&D studies we want to carry out for the BTeV experiment. BTeV is a new experiment being prepared at Fermilab Tevatron, presently the world's highest-energy hadron collider, with a center-of-mass energy near 2000 GeV. It is aimed at challenging the Standard Model explanation of CP-violation, quark flavor mixing and rare decays in the b and c quark systems.  A thorough investigation of B decays requires the ability to study decay modes containing single photons, (0 and ( - mesons. Detection of neutral pions is crucial, for example, to extract the angle ( in the unitary triangle using B((((( +(-(0 decays. The Electromagnetic Calorimeter (EMCAL) is one of the crucial elements of the BTeV detector. BTeV has been endorsed by the laboratories Program Advisory Committee and approved by the director. A final funding decision will be made by the Department of Energy in 2003.


Total absorption shower counters made of scintillating crystals have been known for decades for their superb energy and spatial resolutions. Lead tungstate PbWO4 crystals (PWO) are distinguished by their high density, short radiation length and modest susceptibility to radiation. These are some of the reasons why an electromagnetic calorimeter made of PWO crystals was chosen for BTeV. The EMCAL will consist of about 10,000 crystals. The total project cost is about 15 million dollars. 

In high luminosity collider experiments, PWO crystals will be irradiated by high energy particles and accumulate significant absorbed doses, up to a few Mrad over several years. The CMS experiment at CERN will also use a calorimeter of this type. Nevertheless radiation properties of PWO-crystals have not been studied sufficiently. The CMS group has used radioactive sources and electron beams in their radiation studies. However, it is more important to measure radiation damages of PWO crystals in high energy particle environment which is similar to that in the actual experiment. Thus studies with high energy hadron beams have been started by our group. Compared to photons or electrons, high-energy hadrons will be able to induce inelastic nuclear reactions wich will locally destroy the crystal lattice. In particular, they can create new types of isotopes and nuclear fragments with very high energy transfer and lead to extended clusters of crystal lattice distortion.


The general goal of our proposed project is to evaluate the performance of lead tungstate crystals produced by the two manufacturers in Russia, Bogoroditsk Techno-Chemical Plant and Northern Crystal in Apatity, and two in China, Shanghai Institute of Ceramics and Beijing Glass Research Institute. More specific goals are to understand the best way to specify PWO crystals, confirm energy and position resolution expectations, and measure the effects of radiation. Furthermore, in order to insure that the energy and position resolution are maintained close to the initial specifications during running, it is necessary to have an excellent and reproducible calibration system. We need to study how to build such a system and construct a prototype.


The objectives of the project proposed are to study carefully crystal properties, especially radiation hardness of crystals, choose the manufacturer(s) for the eventual production, design and build a prototype of the Quality assurance system at IHEP as well as design and produce a prototype of the Monitoring system to be used for calibration in the BTeV EMCAL. More specific objectives are:

1) to complete our test-beam study of radiation effects on PWO crystals at the Protvino 70-GeV accelerator, particularly to investigate :  

a. whether there is a general correlation between change in the LED signal and a change in the beam (electron and pion) signal which is crucial for the BTeV EMCAL calibration system, 

b. whether phopsphorescence or/and afterglow appears after irradiation and estimate its  effects,

c. whether or not the scintillating mechanism in these crystals is being destroyed by irradiation; 

2) to design and produce a full-scale prototype of the Monitoring system for the BTeV EMCAL and to provide a thorough study of light homogenity and brightness as well as a long-term stability of this system;

3) to design and produce a full-scale prototype of the whole Quality assurance system at IHEP to make a final control for the BTeV experiment of the crystal properties after the crystals are produced and testedat a manufacturer place.

Our approach includes the irradiation of the crystals at specially created test-beam facility in U-70 accelerator at IHEP as well as an investigation of the crystals at specially designed test stands.

The prototypes from the four different manufacturers will be studied to determine their relative quality. The main criteria include a small loss of light output during radiation and a reasonable recovery rate after the radiation ends. Also, we will study the correlation between a signal loss from electrons and pions and the light emitting diode (LED) signal loss. This correlation is needed for monitoring the energy stability of the detector. Four LEDs with different wave lengths are currently used in our test beam facility. They are violet (400 nm), blue (470nm), yellow (580nm) and red (640 nm) LEDs. The red LED is being used to monitor a phototube (PMT) gain because transmission of red light in the crystals is not significantly effected by radiation damage. Stability of the LEDs themselves is monitored by an ( source as well as by two PIN diodes. We will also check (after the choice of the best manufacturer from the point of view of radiation tolerance and price) that the crystal performance is adequate (see prior work).

We also have to study less important effects, such as phosphorescence and afterglow. These effects may appear because of very slow components of scintillation or due to new isotope formation by high energy hadrons. They will be measured by examining the light output of the crystals between accelerator bursts and after irradiation. Low noise photomultiplier tubes and amplifiers will be used.

Previous crystal studies of showed only the changes in crystal transparency due to color center formation, but no indication of damage to the scintillation mechanism. On the other hand new isotopes are created during hadron irradiation. We want to measure the types and the amount of isotopes created and their influence on scintillation mechanism. In principle, even adding small amounts of new isotopes may change crystal properties.    

To investigate the scintillation mechanism degradation (if it exists) the crystal array will be irradiated by narrow high intense about 35 GeV pion beam perpendicularly to long side of crystals. We will measure the light output from muons transversely hitting the crystals. The transparency of the crystal is changed by the irradiation. Nevertheless, the uniformity of the  (muon) signal should not be significantly changed. The behavior has to be smooth. In the case of scintillation mechanism degradation, a drop of the light output will be observed if one detects the muons that hit the damaged region. We will measure the uniformity of the signal from muon in each of the crystals before and after irradiation. {It is not clear to me how you intend to use this data to show that the scintillation mechanism is being damaged rather than the crystal transparency. Secondly, wasn’t this data already taken in the last run?}

The aim of Quality assurance system is to establish procedures to control crystal performance and radiation hardness. This will include: 

a) a dedicated setup with two radioactive sources Co-60 with activity of 100 Curie each, proper electronics and DAQ,

b) a movable stand to get the dose rate in crystals in the range of 10 to 500 rad/hour, 

c) a spectrometer to measure kinetics, 

d) a spectrophotometer to measure light transmission spectra and non-uniformity, 

e) a dedicated stand to measure light yield with the use of a radioactive source,

f) a machine to measure crystal sizes.  


All 60 crystals we have now at IHEP will be irradiated by high intensity beams and radioactive sources to look for a possible correlation between these two types of irradiation. If we find this correlation, only the radioactive source will need to be used for quality assurance of all crystals from the mass production.

A dedicated stand based on a spectrophotometer will be used to study transmission losses before and after irradiation by beams and sources to choose the criteria to control crystal quality. If we are lucky, we might find a correlation between an initial (before irradiation) light transmission curve and radiation hardness of the crystals. It also can be effectively used for quality assurance of the mass produced crystals. 

From our radiation study we have found that crystals lose light from irradiation by high-intensity high-energy beams and recover when irradiation is stopped. Thus crystals have to be calibrated continuously during the BTeV experiment. We need to construct a monitoring system capable to control energy scale of the calorimeter with an accuracy better than 0.2%. {This misstates the case. I am not sure this is possible. What I believe to be true is that we can identify electrons in the RICH or just from shower shape in the calorimeter at high energies and thus can do a continuous calibration using the data – we need a simulation project to confirm the number of such particles and how long it will take to calibrate each crystal. The light pulsar system need only be accurate enough to interpolate between calibrations.}

The main goal of Monitoring system R&D is construction of the thermostabilized prototype cell containing several LEDs near the maximum of the scintillating emission spectra of the PWO-crystals, several red LEDs to monitor PMT gain, a few PIN diodes with amplifiers (if necessary) and LED drivers.  This LED system  is sufficient to illuminate about 1000 fibers with 0.5 mm outer diameter and an energy equivalent of 20 - 30 GeV. Then 10 such systems would be  needed for the full detector. We are not planning to use an "active"  feedback  system  from  PIN diodes to LED's. Instead, we would like to confirm that a temperature stabilized system can be used with "off  line"  LED  light  output  corrections given by the PIN diode output.

The project milestones are:

1) testbeam study at IHEP of the correlation between changes in the LED signal and a change in the beam (both electron and pion) signal for PWO crystals from the four manufacturers - FY2004;

2) study of phosphorescence and afterglow in the PWO crystals, including an estimate of any possible backgrounds induced by these processes and how this extra light might increase the  power dissipation  in the PMTs and electronics- FY2004;

3) study of whether the scintillating mechanism in the PWO crystals is being destroyed by a high intensity high energy pion irradiation  - FY2004;

4) design and production of a 10% prototype LED based Monitoring system for the  crystal production and a thorough study of it's properties - FY2005;

5) design and production of a full-scale prototype of the Quality assurance system including size measurements, kinetics, light yield, light transmission spectra and radiation hardness of PWO-crystals - FY2005. 

B. Relevant prior work 
Our group has been working more than 25 years with different electromagnetic calorimeters. We were the first ones who studied PWO crystals as a possible material for EM calorimeters.

When PWO was chosen as BTeV electromagnetic calorimeter we produced a dedicated test beam facility to study them. A beam line for electrons with energies in the range of 1 to 45 GeV, low contamination of hadrons and muons and high intensity up to 106 per accelerator spill at 27 GeV was setup at U70 accelerator in Protvino. A pion beam with intensity up to 107 per accelerator spill at 40 GeV has also been produced in the same channel. A beam tagging system based on drift chambers with 160 micron position resolution was able to measure the beam momentum precisely. The resolution ((p)/p was 0.13% at 45 GeV. This test beam setup provided the possibility to study properties of PWO crystals for BTeV and has recently also been used for some studies by the CMS experiment. To eliminate the effects of temperature variation, crystals were placed inside a thermally insulated light-tight box. The temperature in the box was being controlled using a LAUDA cryothermostat to an accuracy of (0.10 C. To measure the temperature of the crystals, 24 separate temperature sensors were placed on the front and rear ends of various crystals. The energy and position resolutions we measured were excellent.


The momentum tagged beam allowed us to measure the stochastic term in energy resolution; we achieved  (1.8(0.1)%. This is the best value for PWO crystals ever measured.  For 27 GeV electrons, the position resolution is 750 (m in the center of the crystal, and 250 (m at the boundary between two crystals. 

Radiation hardness of lead tungstate crystals is an important issue for the BTeV. About 95% of the crystals in the BTeV electromagnetic calorimeter will get the absorbed dose rates from 0.1 to 30 rad/h. A study of  radiation damage in lead tungstate crystals has been carried out in Protvino in 2001-2002 for BTeV. Crystals were irradiated  by high-intensity high-energy electron and hadron beams at radiation doses ranging from 0.1 to 60 rad/h as well  by charged hadrons, (-quanta and neutrons from the internal target of the U70 in a wide energy spectrum from 10 eV up to 70 GeV at dose rates between 0.5 and 100 krad/h.  

It was found that light output loss depends on a dose rate. The light loss exhibited saturation when the dose rate was kept constant. No light output loss was observed for dose rates less than 1 rad/h. For dose rates of 10-25 rad/h with 27-GeV electron irradiation, eight crystals lost on the average 8%. For 40 GeV pions this average was 12% at comparable irradiation dose rates. Energy resolution does not deteriorate significantly with these low losses.  

Two crystals received extremely high dose rates of 100 krad/h and accumulated about 2.5 Mrad absorbed dose. They remained usable. Their light output loss was a factor of 3. Energy resolition  deteriorated by 20% in one crystal and 50% in another. 

When irradiation decreases or stops, crystals recover. The average recovery time for six crystals which lost from 7 to 20% of  their light, as measured by an LED, is (200(40) hours, and the damage recovery after 400 hours was (87(5)%.                       

In our previous test beam runs we could not distinguish between the manufacturers in  terms of  radiation hardness of the crystals; i.e. all manufacturers produce acceptable crystals. We do expect that some manufacturers provide better crystals than others when the samples are larger.  Thus we plan further investigations within the frame of this project. 

All the results we have obtained thus far for the BTeV R&D study at IHEP are published in the following papers: 

1) T.Brennan et al. -- The BTeV electromagnetic calorimeter, NIM, A494 (2002), pp.313-317.

2) V.A. Batarin et al. -- Development of a Momentum Determined  Electron Beam in the 1-45 GeV Range, hep-ex 0208012, accepted for publication in NIM.

3) V.A. Batarin et al. -- Precision Measurement of Energy and Position Resolutions of the BTeV Electromagnetic Calorimeter Prototype, hep-ex  0209055, submitted to NIM.

4) V.A. Batarin et al. -- Study of Radiation Damage in Lead Tungstate Crystals Using Intense High Energy Beams, hep-ex 0210011, submitted to NIM. 

The relevant prior work described above has been carried out in close collaboration between IHEP and Syracuse University, Fermilab and University of Minnessota. Many members of the IHEP research team spent several months per year starting 2000 at FNAL and Syracuse University to work on Monte-Carlo simulations of physical processes, EMCAL requirements and crystal performance, design of the EMCAL mechanical support structure and data analysis of the test beam data. This activity was supported by the grants from the U. S. National Science Foundation,  by the Russian Ministry of Industry, Science  and Technologies and funds provided by the U. S. Dept. of Energy through Fermilab.

All the members of the IHEP research team have the necessary individual and combined competencies to carry out the project. All of them have spent from 5 to 30 years in hardware and software development for miscellaneous experiments at the Protvino U-70 accelerator, and at Fermilab (E704,SELEX), BNL(E925,STAR) and CERN(NA22,NA27,CMS).   

C. Anticipated results and how they relate to the CRDF evaluation

We expect to obtain the following results:

· We will write specifications on radiation hardness and recovery of the crystals produced by the four different manufacturers. This will provide new requirements for technology of the crystal production for the manufacturers.  

· The correlation functions for crystals between LED and beam signals will be determined well enough to make a decision about the energy calibration procedure necessary to ensure the required energy resolution during data taking at BTeV. 

· We will measure and set requirements on the phosphorescence and afterglow levels. 

· We will investigate whether scintillation mechanism is being damaged by irradiation or not. This will be a crucial result. If only crystal transparency changes by irradiation, we can build LED Monitoring System for the BTeV EMCAL. If scintillation mechanism is being destroyed by irradiation, the future Monitoring system must be able to evoke scintillations in the crystals, as an ultraviolet laser system and calibration “in citu” procedure, for instance.

· We will design the electromagnetic calorimeter Monitoring system and a 10% prototype will be produced. We will also do relevant Monte-Carlo simulations as well as test beam and long-term stability measurements.

· The Quality assurance system full-scale prototype will be designed and produced to be able to prove the quality of the crystals, including size measurements, light yield, kinetics, non-uniformity, and radiation hardness.

There is a great mutual benefit of this project for both Russia and US. By making contributions to the building and operating of the BTeV EMCAL Monitoring System prototype and the Quality Assuarance System for PWO crystals IHEP scientists will be fully participating in a state of art physics experiment and will have access later to the data. This is essential for the survival of fundamental science and especially of high energy physics in Russia. The US side will benefit from the project by obtaining some equipment crucial to building the Electromagnetic Calorimeter for the BTeV experiment as well as through the intellectual contributions of the IHEP team into the design, construction and operation of the system. Also students from US universities will participate in this program including test beam studies at the acting 70-GeV Protvino accelerator.  

The capability of the investigators to carry out the project has been confirmed by the large amount of prior work carried out in 2000-2002. Its technical soundness and the adequacy of the technical resources was demonstrated by the fabrication of the test beam facility at the IHEP 70-GeV accelerator, test beam studies at this facility in 2001-2002, production of the dedicated radiation facility near the 70-GeV main ring for extremely high dose rate studies with a beam mixture of charged hadrons, neutrons and gamma-quanta.

   
The Syracuse University and IHEP teams have a sufficiently long and successful experience of work coordination. It is realized through the periodical status reports on the technical progress during the period covered and regular exchange of visitors. Our coordination is supported by a reliable and fast computer network. The transfer of any information is not a problem any more. In addition, the IHEP group has an access to all the BTeV documents through the BTeV experiment database.

D. Equipment 
A beam line for electrons and pions, momentum tagging system and electromagnetic calorimeter prototype is described above in the section B (prior work). 

A stand to measure light yield with the use of a radioactive source has been constructed.

A stand for irradiation by mixtures of  particles near the accelerator vacuum tube has been built. 

The movable stand to get a dose rate in crystals with the use of a radioactive source in the range of 10 to 500 rad/hour will be constructed.

Two dedicated stands with radioactive source and spectrophotometer will be built to measure light yield and transmission curve of crystals. One more spectrometer will measure crystal kinetics.

The data acquisition system based on Fermilab electronics has been, and will continue to, be used. 

Local computing  based on PC (Pentium-IV) under Linux is used for Monte-Carlo, data storage, and on-line and off-line data analysis.  

E. Coordination of the project implementation 

To coordinate the project implementation the regular visits of IHEP team members to Syracuse University are required. For the first year of the project during which the final corrections to the design of the Monitoring System prototype and misscellaneous parts of the Crystal Assurance System are expected to be introduced we require one visit for three months. For the second year of the project when the Crystal Assurance System should start to work and some results, paricularly light yield and transmission spectra, must be compared with the results at the Syracuse University equipment we require one visit for three months. The short-term visits from Syracuse University to IHEP are required for coordination of the measurements at the test-beam facility and the IHEP dedicated stands and participation in data taking.

Personnel  curriculum vitae
Alexander N. Vasiliev -- born: July 19,1951; citizenship: Russia.

EDUCATION: 

1974 - Master of Science degree in Physics after graduation from the Moscow Engineering Physical Institute (MEPhI),

1984 - PhD degree from IHEP - Doctor of Physics and Mathematics,

1995 - Second PhD from IHEP - Full Doctor of Science.

EMPLOYMENT HISTORY: 

1974-1976 Juniour scientist, 1977-1987 Scientist,

1988-1995 Seniour scientist, 1996-present Leading scientist. 

All these positions are in the Institute of High Energy

Physics(IHEP), Protvino, Moscow Region 142284, Russia.

RESEARCH EXPERIENCE:  First experiment was HODOSCOPE on the elastic scattering in the Coulomb-nuclear interference region at 33-60 GeV/c at Protvino 70-GeV accelerator U-70. In 1977-1996 participated in the PROZA and PROZA-M experiments on measurements of single-spin effects in miscellaneous exclusive and inclusive hadron reactions at 40 and 70 GeV at the U-70 in Protvino. Contributed a lot in the design and production of DAQ, assembling, testing and calibration of lead-glass electromagnetic calorimeter and data analysis. Got PhD on these results. In 1982-1995 participated in E704 experiment at Fermilab on spin physics with the use of polarized proton/antiproton 200 GeV/c beams. Spent four years at FNAL for E704. Participated in many aspects of E704 including calorimetry, polarized beam line, polarimetry, data analysis. Made several seminar reports on E704 at Fermilab (Wine and Cheese seminar), ANL, WSU, MSU and OSU in USA. Got second PhD on these results. In 1996-2000 participated at the SELEX(E-781) experiment at FNAL on charm baryon production at 650 GeV/c. Among many results there is a first observation of doubly charmed baryon. Since 1992 involved in STAR experiment at RHIC(BNL) to search for quark-gluon plasma and to study spin effects at high energies and trnasverse momenta. In 1996-2000 participated in the small polarization E925 experiment at AGS(BNL) where single-spin effects up to 40\% were observed. Since 1999 participated in BTeV experiment at FNAL to study CP-violation, mixing and rare decays in B- and C-mesons. Involved in lead tungstate electromagnetic calorimeter R&D

study. Participated in four testbeam runs for BTeV at the U-70 in Protvino.          

PUBLICATIONS: 225 publications. About 100 out of them are published in Phys.Rev.Lett., Phys.Rev.,Phys.Lett.,Nucl.Phys.,NIM and some other journals. The most recent scientific publications of relevance to the project:

1. NIM A494(2002),pp.313-317.

2. e-Print Archive hep-ex/0208012, IHEP Preprint 2002-29, accepted at NIM for publication.

3. e-Print Archive hep-ex/0209055, IHEP Preprint 2002-34, submitted to NIM.

4. e-Print Archive hep-ex/0209055, IHEP Preprint 2002-35, submitted to NIM.

5. Phys.Lett.B456(1999),pp.86-89.

Vasiliy V. Mochalov -- born: October 31,1962;  citizenship: Russia.

EDUCATION: 1986 -- Master of Science degree in Physics after graduation from the Moscow Institute of Physics and Technology (MIPhT),

EMPLOYMENT HISTORY: 

1986 - 1992 -- Juniour scientist, then

1992 - present -- Staff Scientist in the Institute of High Energy Physics(IHEP), Protvino, Moscow Region 142284, Russia.

RESEARCH EXPERIENCE:

In 1986-2002 participated in the PROZA and PROZA-M experiments on measurements of single-spin effects in miscellaneous exclusive and inclusive hadron reactions at 40 and 70 GeV at the U-70 in Protvino. Contributed a lot in the design and production of on-line and off-line software and data analysis.  Participated in investigation of new possible materials for calorimeters in the beginning of 90-s inside R&D measurements for polarization experiment NEPTUN  (testbeam studies of calorimeters made of heavy crystals, software and on-line and off-line analysis software). Since 2000 participated in BTeV experiment at FNAL to study CP-violation, mixing and rare decays in B- and C-mesons. Involved in lead tungstate electromagnetic calorimeter R&D study. Participated in four testbeam runs for BTeV at the U-70

in Protvino.          

PUBLICATIONS: 53 publications.  The most recent scientific  publications of relevance to the project:

1. NIM A494(2002),pp.313-317.

2. e-Print Archive hep-ex/0208012, IHEP Preprint 2002-29, accepted at NIM for publication.

3. e-Print Archive hep-ex/0209055, IHEP Preprint 2002-34, submitted to NIM.

4. e-Print Archive hep-ex/0209055, IHEP Preprint 2002-35, submitted to NIM.

5. NIMA 461:381-383,2001 

Pavel A. Semenov --  born: 16-Nov-1966; citizenship: Russia.

EDUCATION: 1990 - Master of Science degree in Physics at university (Moscow Institute for Physics and Technology) speciality: applied mathematics and physics     

2002 - PhDat Institute for High Energy Physics (Protvino), speciality: high energy physics

EMPLOYMENT HISTORY: 1990-1994 -- junior scientist;

since 1994 -- staff scientist at the Experimental Physics department 

All positions are in the Institute of High Energy

Physics(IHEP), Protvino, Moscow Region 142281, Russia.

RESEARCH EXPERIENCE:

1990-1996 R&D measurements for polarization experiment NEPTUN  (testbeam studies of calorimeters made of heavy crystals, software and electronics for DAQ system, on-line analysis software).

1993-1995 CERN ATLAS experiment, R&D for liquid argon calorimeter (RD33 TGT project)(DAQ software and testbeam studies)

1996-2002 ALICE experiment  at LHC (electronics design, calorimeter testbeam studies)  

1995-2002 SPIN collaboration (electronics and software for polarized solid target polarization measurement NMR system)

1997-2002 RAMPEX and PROZA single-spin assymetries experiments at IHEP (DAQ system, front-end electronics, testing and tuning EM and hadron calorimeters, proportional and drift chambers, on-line software, data taking and data analysis).

Since 2000 electromagnetic calorimeter testbeam for BTeV at IHEP (data acquisition system, front-end electronics, on-line analysis, detectors, database design). Got PhD on these results.

PUBLICATIONS: 30 publications. About 10 out of them are published  in Nucl.Instrum.Meth., Instrum.Exp.Tech. and some other journals. The most recent scientific publications of relevance 

1. NIM A494(2002),pp.313-317.

2. e-Print Archive hep-ex/0208012, IHEP Preprint 2002-29, accepted at NIM for publication.

3. e-Print Archive hep-ex/0209055, IHEP Preprint 2002-34, submitted to NIM.

4. e-Print Archive hep-ex/0209055, IHEP Preprint 2002-35, submitted to NIM.

5. NIMA 461:381-383,2001 

Andrei V. Uzunian -- born: May 05, 1948;   citizenship: Russia.

EDUCATION: 

1975 - Master of Science degree in Physics after graduation from the Moscow Engineering Physical Institute (MEPhI),

1989 - PhD degree from IHEP - Doctor of Physics and Mathematics.

EMPLOYMENT HISTORY: 

1975-1979 Juniour scientist, 1980-1990 Scientist,

1991-present Seniour scientist. All these positions are in the Institute for High Energy Physics(IHEP), Protvino, Moscow Region 142280, Russia.

RESEARCH EXPERIENCE: Environment safety and radiation research, induced radioactivity, radiation resistance study, radiation shielding design. Background calculations, HEP detectors performance simulations. Energy deposition, radiation transport and muon interactions simulation by Monte-Carlo methods and relevant software development. Got PhD on these results.

I collected some experience in field of radiation physics:

- during my 25-years work on U-70 (IHEP accelerator, 70 GeV) and UNK project(3x3 TeV collider) at Protvino, Russia; 

- 1992-1993 in time of my participation in D0(USA,Fermilab) and SDC (USA, SSClab) projects;

- in time of my participation in CMS (LHC, CERN) collaboration from 1994 up to now.

It includes the MARS(IHEP) program  package for simulation  of nuclear - electromagnetic cascades development in matter and particles  field formation.

Since 2000 participated in BTeV experiment at FNAL to  study the radiation environment and radiation shielding design of the BTeV subdetectors.  Involved in lead tungstate electromagnetic calorimeter R&D study. Participated in four testbeam runs for BTeV at the U-70 in Protvino.          

PUBLICATIONS : approximately 80 publications. The most recent scientific publications of relevance  to the project:

1. NIM A494(2002),pp.313-317.

2. e-Print Archive hep-ex/0208012, IHEP Preprint 2002-29, accepted at NIM for publication.

3. e-Print Archive hep-ex/0209055, IHEP Preprint 2002-34, submitted to NIM.

4. e-Print Archive hep-ex/0209055, IHEP Preprint 2002-35, submitted to NIM.

5. IHEP Preprint 2001-24.

Nikolai G. Minaev -- born: February 1,1948;  citizenship: Russia.

EDUCATION: 

1973 - Master of Science degree in Physics after graduation from the St. Petersburg Polytechnical University ,

1989 - PhD degree from IHEP - Doctor of Physics and Mathematics.

EMPLOYMENT HISTORY: 

1973-1976 -- Juniour scientist, 1977-1996 -- Scientist, 

1996-present -- Seniour scientist.  All these positions are in the Institute of 

High Energy Physics(IHEP), Protvino, Moscow Region 142284, Russia.

RESEARCH EXPERIENCE: 

First experiment was a study K+p interactions at 32 GeV/c using bubble chamber MIRABEL at Protvino. In 1978-1986 participated in the European Hybrid Spectrometer(EHS) experiments at CERN on measurements of charm productions  in 360 GeV/c pi-p and pp interactions. Contributed a lot in the design, assembling, testing and calibration of lead-glass Intermadiate Gamma Detector(IGD) on the EHS. At the same time involved in NA22 experiment(a measurement of charm production using a golographic bubble chamber) at CERN. Got PhD on results of these CERN experiments.
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Since 2001 participated in BTeV experiment at FNAL to study CP-violation, mixing and rare decays in B- and C-mesons. Involved in lead tungstate electromagnetic calorimeter R\&D

study. Participated in three testbeam runs for BTeV at the U-70 in Protvino.          

PUBLICATIONS: 50 publications. The most recent scientific publications of relevance to the project:
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2. e-Print Archive hep-ex/0208012, IHEP Preprint 2002-29, accepted at NIM for publication.
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4. e-Print Archive hep-ex/0209055, IHEP Preprint 2002-35, submitted to NIM.

Larisa V. Nogach -- born: February 27, 1972;  citizenship: Russia.

EDUCATION: 

1996 -- graduated from Moscow State University (MSU), Master of Science degree in Physics; 1996--1999 -- postgraduate student of MSU, PhD in Physics and Mathematics in 1999. 

EMPLOYMENT HISTORY: 

1999--2000 -- Junior scientist, then
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Expenses requested from CRDF
	Individual Financial Support
	FSU Team


	U.S. Team

	Name (continue on separate sheet if necessary)
	Daily Rate
	Number of Days per Month
	Number of Months
	
	Note: Grad Student Stipends Only

	Vasiliev Aleksandr Nikolaevich
	18.18
	22
	24
	9,600
	

	Semenov Pavel Aleksandrovich
	13.64
	22
	24
	7,200
	

	Mochalov Vasili Vadimovich
	13.64
	22
	24
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	Minaev Nikolai
	13.64
	22
	24
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	Derevschikov anatoli Anatolievich
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	22
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	Nogach Larisa Vasilievna
	13.64
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	24
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	Uzunian Andrei 
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	22
	24
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	52,800
	

	
	
	

	Materials and Services (Please list.  All items over $1,000 must be justified in the Budget Narrative.  If more space is needed, please list on separate page.)
	
	Note: Expendable materials & supplies only

	1.  Spectrophotometer
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	-------
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	14,200
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	Secondary Collaboration: Materials and Services (Please list.  All items over $1,000 must be justified in the Budget Narrative.  If more space is needed, please list on separate page.)
	
	Not Applicable

	1.
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	Secondary Collaboration: Travel (Please describe in Budget Narrative.)
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	Secondary Collaboration: Institutional Support (10% of all Secondary collaborators’ expenses.  Total not to exceed $10,000)
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	??
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	375,350
	??
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BUDGET NARRATIVE

The project is proposed for two years. The individual financial support is identical for

both years and include full year participation of all members. There is no subcontructors or secondary collaborations. 

Spectrophotometer is required for dedicated stand for study crystal transmission curves before and after irradiation. It will be used for Quality Assurance System prototype as well.

To coordinate the project implementation the regular visits of IHEP team members to Syracuse University are required. For the first year of the project during which the final corrections to the design of the Monitoring System prototype and misscellaneous parts of the Crystal Assurance System are expected to be introduced we require one visit for three months. For the second year of the project when the Crystal Assurance System should start to work and some results, paricularly light yield and transmission spectra, must be compared with the results at the Syracuse University equipment we require one visit for three months. The short-term visits from Siracuse University to IHEP are required for coordination of the measurements at the test-beam facility and the IHEP dedicated stands and participation in data taking. The travel expenses include $1000 for airfare, $ 2000/month for living expenses and $100 for visa for each travel.   

Cost sharing from other sources:

1. Russian Ministry of Science and Technology -- $3,150/ $6,300/ $9,450 (1st year/ 2nd year/ total respectively) - for monitoring system prototype.

2. Russian Foundation for Basic Reserch --$5,000/ $5,000/  $10,000 - for Quality Assurance study and study properties and technology for crystals manufactured in China.

3. State Program of Russian Ministry of Science and Technology --$1,000/ $1,500/ $2,500  - building stand with radiation source for quality assurance and radiation study.

4. Institute for High Energy Physics --$48,000/  $48,000/ $96,000  - payment for test-beam time (electricity, etc.)

5. Institute for High Energy Physics -- $13,200/  $13,200/ $26,400  - salary for investigators

6. Fermilab (Purchase order 548195)  -- $80,000/ $60,000 (preliminary)/ $140,000 - partial payment for test-beam power, test-beam study,  local computing center, data analysis, stand for crystal kinetic study.

7. U. S. National Science Foundation -- $28,841/ $28,841/ $57,682 – For joint work on the BTeV Calorimeter between U. S. and Russia.

Total amount of cost sharing from other sources is $179,191 for the first year,  $162,841  for the second year ($284,350 in total).
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