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Introduction

The Institute of Nuclear Physics SB RAS was founded in 1958 on the base of the
headed by G.I.Budker Laboratory for new methods of acceleration of the Institute of
Atomic Energy headed at that time by I.V.Kurchatov.

Academician G.I. Budker was the founder and �rst Director of the Institute. Since his
death in 1977 to the present time, the Director of the now called �The Budker Institute
of Nuclear Physics , BINP SB RAS� is academician A.N.Skrinsky.

All the research and production activity of the Institute is governed by �Round Table��
Scienti�c Council of the Institute.

The total number of the Institute's sta� is approximately 2800 and among them:
about 420 researchers, over 50 postgraduates, 760 engineers and technicians, about 350
laboratory assistants and 1200 workers. Among the researchers, there are 5 full members
and 6 corresponding members of the Russian Academy of Science, about 50 doctors of
science and 160 candidates of science.

The Institute is one of the world leading centers in several important �elds of the high
energy physics, controlled thermonuclear fusion and applied physic. In the majority of its
research �elds, the Institute is unique in Russia.

Basic trends of the Institute activity
I. Fundamental studies.

1. Research studies in the elementary particle physics based on the operational
and being developed electron-positron colliders.

2. Studies in the �eld of the electro- and photonuclear physics based on the use of
the storage rings of charged particles.

3. Research studies in the �eld of plasma physics and controlled thermonuclear
fusion based on the open systems.

II. Development and production of new unique devices for the fundamental studies
and high technologies.

1. Electron-positron colliders at superhigh luminosity (e+e− factories).
2. Development of the concept and technology of the linear electron-positron

colliders.
3. Synchrotron radiation sources.
4. Powerful lasers based on high energy electron beams (free electron lasers FEL).
5. High intense generator of thermonuclear neutrons based on a "gasdynamic"

trap.
6. Development of powerful electron accelerators and the development on this base

of the electron-beam technologies including the ecologically oriented technologies.
7. Development and production of the equipment and devices for medical purposes

on the base of the accelerator and detector studies of the Institute.
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8 Introduction

III. Participation in the work envisaged by the international and intergovernmental
agreements, contracts and other obligations of the international scienti�c-technical col-
laboration agreements.

IV. Training of the highly quali�ed scienti�c personnel on the following specialities:
¤ elementary particle physics and nuclear physics;
¤ physics of the charged particle beams and accelerators;
¤ theoretical physics;
¤ physics and chemistry of a plasma;
¤ high energy physics instrumentation;
¤ physics of equipment;
¤ automation of physical studies.

Every year, over 200 students of the 3rd-6th years from NSU and NSTU pass the ap-
prenticeship in the Institute laboratories and about 90 magistrate and bachelor of science
diploma works are defended every year.

BINP is involved in a broad range of mutually bene�cial collaborations with various
Laboratories and industrial organizations:

• over 100 experimental groups from various Russian and foreign research Institutes
make use of the BINP facilities:

• BINP is involved in a broad range of mutually bene�cial collaborations with various
Laboratories and Universities of the USA, Germany, Great Britain, France, Italy, Nether-
lands, Finland, Sweden, China, Japan, R.Korea, India and with the European Center for
Nuclear Research - CERN; in addition to the joint research studies, BINP is also involved
in the contract works on the development and manufacture of the novel equipment for
these laboratories;

• BINP is also involved in the joint design and development works with many Russian
organizations equipped with modern technologies.

• over 140 BINP made electron accelerators are operated at various technological
lines in Russia, Ukraine, Belorussia, Germany, Japan, China, Poland, Chekhia, Hungary,
Rumania, R.Korea, Italy, India.

BINP a reliable partner both in carrying the joint research and in the developments
in the �eld of physics and has a good reputation in the whole world as a reliable supplier
of the highly technological equipment for the research and industrial purposes.

Some of the BINP main achievements in the science and technology are the following:
In the �eld of elementary particles and nuclear physics:
• pioneering works on the development of the colliding beam technique, which at

present, is the main method in high energy physics:
¤ �rst experiments with the electron-positron colliding beams, 1965,
¤ the world �rst experiments on the electron-positron interactions, (1967),
¤ the �rst in the world observation of the double bremmstrahlung process , (1967),
¤ pioneering works on the two-photon physics, (1970);

• a study of characteristics of the vector mesons at the electron-positron colliders
VEPP-2, VEPP-2M, (since 1967);

• discovery of a parity violation of hadrons in the electron-positron annihilation,
(1970);

• precise measurement of the vacuum hadron polarization contribution into the value
of the muon anomalous magnetic momentum for one of the most sensitive tests of the
Standard model, which is being carried out jointly with the Brookhaven National Labo-
ratory, (1984 - 2005);
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• development of the resonance depolarization technique for the precise measurement
of the elementary particle masses, achievement of the record value of the mass measure-
ment accuracy for K-, ρ-, ω-, ϕ-, ψ- mesons and Υ- mesons, (1975-2004);

• discovery of the parity violation e�ects in the atomic transitions con�rming a uni�ed
theory of the electroweak interactions, (1978);

• development of the experimental technique with the internal super thin targets at
the storage rings (since 1967) and a study of the electromagnetic structure of a deuteron
in polarization experiments (since 1984);

• development of the technique for producing intense �uxes of the high energy tagged
gamma-quanta based on the use of the Compton inverse scattering (1980�1982); experi-
mental observation of the photon splitting in the nucleus Coulommb �eld , (1997);

• development of new techniques for detecting high energy charged and neutral par-
ticles and unique detectors for colliders (OLYA, KMD-1, MD-1, KMD-2, ND, SND,
KEDR)�since 1974;

• development of x-ray detectors for medical purposes and production of the x-ray de-
tector based Low Dose Digital Radiographic Device with a super low dose of the patient's
irradiation for people inspection �SibScan�(since 1981).

In the �eld of theoretical physics :
• development of the resonant theory of dynamic chaos and pseudochaos in the classic

and quantum mechanics (since 1959);
• �rst calculation of a charge renormalization in the Yang-Mills theory, (1969);
• development of the QCD sum rule technique (1979 - 1984);
• prediction of a large magni�cation of the parity violation e�ects in neutron resonances

of heavy nuclei (1980 � 1985);
• construction of a theory of hard exclusive reactions in QCD (1977 -1984);
• development of an operator approach to the quantum electrodynamics in external

�elds (1974 � 1976);
• development of the quantum electrodynamics in periodical structures including that

in a laser wave (1972 � 1997);
• development of a theory of radiation e�ects for high energy charged particles and

photons passing through the oriented monocrystals (since 1978);
• derivation of the evolution equation in QCD for the parton energy distribution

(BFKL�equation)(1975 � 1997);
• prediction of the coherency e�ect in the gluon irradiation in QCD and a study of its

in�uence on hadron distributions (1981 � 1982).
In the �eld of accelerator physics and technology:
• A long-term experience in the work on the development of storage rings and colliders;
• the invention, development and experimental realization of the "electron cooling"

technique for heavy particle beams (1965�1990), which is presently used in high energy
physics laboratories over the world; supply by the e�cient "coolers" of heavy ion storage
rings in Germany, China, and CERN (1965� 2005),

• invention and development of new types of RF powerful generators (Gyrocon, rela-
tivistic klystron, and Magnicon) � since 1967;

• proposal of the linear electron-positron colliding beam method aimed at attaining
super high energies (1968), presentation of the physically elaborated project (1978);

• development of the strong �eld magnetic optics components (Õ-lenses, lithium
lenses), which are presently used in various laboratories (since 1962);
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• invention and experimental test of the charge exchange method that is presently
used practically on all the large proton accelerators,(1960�1964);

• theoretical and experimental studies on obtaining the polarized beams and spin
dynamics in the storage rings and colliders, the conceptual development and creation of
highly e�cient spin rotators and "Siberian snakes" for a number of accelerator complexes,
(1966 � 1995);

• theoretical and experimental studies of the stochastic instability and "collision ef-
fects" limiting the colliders luminosity (since 1966);

• development of the physical concept of the new generation of electron-positron col-
liders with a very high luminosity, the so-called electron-positron factories (since 1987);

• the proposal and development of the ionization colliding method for creation of the
muon colliders and neutrino factories, (1969 -1981 - 2002);

• development and creation of the low energy powerful electron accelerators for various
technological applications including protection of environment as ELV-12 of 500 kW in
power and 1 MeV in energy and ILU-10 at a power of up to 50 kW and an energy of
5 MeV (since 1963);

• proposal and realization of the accelerator-recuperator scheme for the free electron
lasers of high e�ciency - (1979 - 2003).

In the �eld of plasma physics and thermonuclear fusion:
• invention (1954) and realization (1959) of a �classic� open trap (mirror machine) for

con�nement of a hot plasma;
• invention and development of new schemes of open traps: a multimirror, with a

rotating plasma, ambipolar, gasdynamic; experimental realization of the multimirror con-
�nement of a plasma with a sub-thermonuclear parameters at the GOL-3 trap; experi-
mental realization of MHD instabilities in the axially-symmetric gasdynamic trap at the
GDL facility (since 1971);

• discovery of the colissionless shock waves in a plasma, (1961);
• development of a plasma heating technique by the relativistic electron beams , (since

1971);
• development of the high intense surface-plasma sources of negative ions, which are

widely spread in the world, (1969 - 1981);
• proposal and development of the concept of a powerful thermonuclear source of

neutrons for the material science on the base of the open trap (since 1987);
• theoretical prediction of the Langmuir collaps (1972), experimental observation of

the strong Lngmuir turbulence and Langmuir wave collapce in the magnetic �eld, (1989
- 1997);

• development of a series of the unique powerful sources of hydrogen atoms for a study
of the high temperature plasma for a number of large facilities, (since 1997).

In the �eld of synchrotron radiation and free electron lasers:
• the use of synchrotron radiation of the BINP storage rings for various scienti�c and

technological purposes and creation of the Siberian Center of Synchrotron Radiation on
the base of the VEPP-2M, VEPP-3, VEPP-4 storage rings (since 1973);

• theoretical and experimental studies of particle radiation in periodic structures (un-
dulators, wigglers, crystals, since 1972;

• development and construction of the SR dedicated sources, (since 1983);
• development and construction of the one- and two-coordinate detectors for experi-

ments with synchrotron radiation, (since 1975);
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• invention and development of the optical klystron (1977), achievement of radiation
generation ranging from the infrared to ultraviolet spectrum (since 1980);

• development and construction of a powerful free electron laser (for the photochemical
studies, technological purposes and energy transfer from the Earth to a satellite on the
base of the most promising scheme using the microtron-recuperator (since 1987); obtaining
a powerful (400 W) laser radiation in the terahertz range, (since 1987);

• development of a series of superconducting magnetic devices with strong �elds for
the SR sources and electron storage rings (wigglers and bending magnets with a �eld of
up to 10 T, solenoids with a �eld of up to 13 T), since 1996.

The following works are recognized by the BINP Scienti�c Council as the
best in 2007:

1. VEPP-2000:
The complex was successfully commissioned. The electron and positron beams were

successfully injected and stored. The collision of the �round� beams occurred and the �rst
luminosity was attained.

2. SND-detector:
An analysis of the generation process of a pair of charged K-mesons is completed. The

cross-section obtained is generally agreed with the previous measurements but it has a
higher accuracy. The cross-section as a function of energy is well described by the model
of vector dominance with an account for the state φ(1680).

3. Injection Complex of VEPP-5: All the systems of the storage ring cooler are
put into test operation. An 300 MeV electron beam with a current up to 20 mA was
injected and captured in the ring.

4. International Collaboration:
In 2007, the experimental indication to the presence of the DO-anti-DO mixing was

�rst obtained in collaborations Belle and Babar with participation of BINP sta�. The
standard model predicts that it should be small therefore, its study is important for the
search for indications of novel �physics�.

5. GDL Facility:
An increase in duration of the atomic injection at GDL from 1 to 5 ms enabled us to

shift to a study of the quasi-stationary regime of con�nement. The density of fast ions
with a mean energy of 10 keV was attained to be 3x1013ñì−3. In this case, the parameter
β exceeds 40%.

6. Proton accelerator-tandem:
At the tandem-proton accelerator designed for the Boron-neutron capture therapy and

detection of explosives, the proton current of 2 mA at energy 1.9 MeV was obtained and
the successful experiment was carried out on generation of gamma-radiation with an en-
ergy of 9.17 MeV at the carbon isotope 13Ñ and its resonance absorption at the liquid
nitrogen target.
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7. Industrial electron accelerators:
An electron beam with energy 1,0÷1,5 MeV and power up to 100 kW capable to evap-

orate practically any substance was extracted from the ELV-accelerator. This property
was used for obtaining the nano-dispersion powders of silicon oxides and other materials
as metals and nitrides by evaporation. This method is used for the �rst time in the world.
The result of the work is the development of the pilot facility for obtaining nano-dispersion
powder of the silicon oxide from the natural quartz sand. The work is carried out jointly
with the Institute of the Theoretical and Applied Mechanics SB RAS.

8. Theoretical works:
The Kernel of the equation determining the energy dependence of QCD amplitudes

was found in the space of the impact parameters in the next to leading approximation.
It is shown that interaction of antiprotons with polarized protons of the hydrogen

target in the storage ring enables to obtain the beams of polarized antiprotons with pa-
rameters providing the possibility of carrying out polarized experiments at GSI.

In 2007, three leading scientists of BINP (G.N.Kulipanov, A.S.Medvedko, N.A.Mezen-
tsev) were awarded by the RF Government Prize in the �eld of science and technology.

In 2007, BINP hosted the International Conference on Free Electron Lasers.
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1.1 CMD-3 Detector

During 2007 works on production and testing of CMD-3 detector systems have been
continuing.

Figure 1: CMD-3 Detector. 1 � magnet yoke; 2 � VEPP-2000 superconducting solenoids;
3 � BGO electromagnetic calorimeter; 4 � Drift Chamber; 5 � CsI electromagnetic
calorimeter; 6 � CMD-3 superconducting solenoid; 7 � Z-chamber; 8 � LXe electromag-
netic solenoid.

Longitudal cross section of the CMD-3 Detector is shown in Fig. 1.
The drift chamber signal cables assembling has been �nished. All digitizing electronics

for the CMD-3 drift chamber � T2Q modules � were produced at the Institute workshop.
To test the electronics and the chamber performation the physics runs run on cosmic
rays particles were performed. The spatial resolutions 100 - 120 mcm and 3 mm have
been obtained for R− ϕ and RZ planes respectively in excellent agreement with project
expected values. Tuning of the CMD-3 Charged Trigger Systems has been started. The
trigger will be used for experiments with e+e− beams.

Z-chamber, used for precise measurement of charged track coordinates and in trigger,
was installed into detector at VEPP-2000 experimental hall together with the digitizing
electronics. Data Acquisition and OFFLINE event reconstruction Software for the Z-
chamber is in preparation.

Ramping system for the CMD-3 detector superconducting solenoid has been manu-
factured and tested. It allows to ramp current up to 1000 A, which corresponded to
magnetic �eld value 1.5 Tl. After the tests all elements of the superconducting system
were installed and tested in the detector at VEPP-2000 experimental hall. Works on
decreasing of liquid Helium consumption are now performing.
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All octants for CsI barel electromagnetic calorimeter have been assembled. Two oc-
tants have been installed into the CMD-3 detector at VEPP-2000 experimental hall and
used in physics runs with cosmic rays particles. In particular, �rst part of UFO-32 dig-
itizing electronics for the calorimeter was tested in the runs. The total amount of the
UFO-32 electronics (40 modules) is now under construction at the Institute workshop.
System for the measurement of the CsI calorimeter temperature and humidity has been
assembled and tested now. Software for OFFLINE event reconstruction in the calorimeter
is under development.

The BGO endcap calorimeter was completely assembled and ready for installation
into the CMD-3 detector at VEPP-2000 experimental hall. Works on production and
testing of the calorimeter termostabilization system is close to its �nish. Production of
radiofrequency cables is almost �nished too.

There was the physics run using cosmic rays particles in which Z-chamber, scintillating
counters and LXe calorimeter have worked together. In the run LXe calorimeter was
completely equipped with the analog electronics. The detector trigger in the run was
based on signals from Z-chamber and muon counters. In the run the time and spacial
resolutions of the systems have been studied.

In 2007 new powerful ONLINE server has been installed into the CMD-3 detector
Data Acquisition System. The server will satisfy the requirements of the Data Acquisition
system for reasonable time in future. Readout of the electronics in KLUKWA standard
was performed and tested using Ethernet network. Software for the di�erent detector
parameters control was completely developed and now is used in all test runs.

The software for OFFLINE event reconstruction is developed at full speed. The mod-
ule for events readout from MIDAS (the core of the CMD-3 Data Acquisition System)
has been developed as well as converting of the event into ROOT format. System of
the events visualization and software for the event reconstruction �in real time� has been
created.

Participants of work:
Anisyonkov A.V., Aulchenko V.M., Akhmetshin R.R., Bashtovoy N.S., Barkov L.M.,
Banzarov V.Sh., Bondar A.E., Bragin A.V., Viduk S.N., Vorobyov A.I., Grebeniuk A.A.,
Grigoryev D.N., Epifanov D.A., Zaytsev A.S., Zverev S.G., Zinchenko A.V., Ignatov F.V.,
Kazanin V.F., Karpov S.V., Kakhuta K.I., Kozyrev A.N., Kuzmin A.S., Logashenko I.B.,
Lukin P.A., Mikhailov K.Yu., Okhapkin V.S., Pestov Yu.N., Pirogov S.A., Popov A.S.,
Popov Yu.S., Ryskulov N.M., Ruban A.A., Redin S.I., Sibidanov A.L., Snopkov I.G.,
Solodov E.P., Talyshev A.A., Titov V.M., Fedotovich G.V., Khazin B.I., Shwartz B.A.,
Eidelman S.I., Yudin Yu.V.

Budker Institute of Nuclear Physics

Roberts B.L. Boston University, Boston USA

Grancagnolo F. Lecce University, Lecce, Italy
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1.2 The SND detector
1. SND upgrade for experiments at VEPP-2000.

After �nal assembling in December 2006, the SND tracking system was placed in the
electronic console room of SND. All of 216 signal wires were connected to the regular SND
registering electronics - analog ampli�ers and information plates T2AM in the KLUKVA
standard. During January - June 2007, a series of experiments were performed to measure
basic parameters of the system by using particles of cosmic radiation.

First switchings revealed somewhat high frequency of �ring of separate wires, caused
by the small particles of dust which were remained in the volume of the tracking system
after assembling. Several series of trainings of the wire structure were carried out with
the reversed polarity voltage equaled to 70 percent of the nominal voltage, with the
subsequent washing of the gas volume of the tracking system by alcohol. Such measures
made it possible to noticeably reduce the noise level of the signal wires and to obtain the
designed gas ampli�cation factor, equal to ' 0.5 · 106, in all drift cells of the tracking
system.

For the switching on of the tracking system the high-voltage divider was used, whose
potentials were calculated and optimized according to the results of tests with the full-
scale prototype of tracking system in 2005 - 2006. The selected divider made it possible
to obtain the designed uniformity of the gas ampli�cation factor at the level of 10% for all
layers of signal wires. This, in turn, made it possible to ensure the registration e�ciency
at the level not lower than 98% for each registration cell under the designed threshold of
discriminators. The construction of the tracking system involves the parallel high-voltage
power supply for the purpose to decrease the in�uence of the detector load by the charged
particles tracks on the stability of the gas ampli�cation factor.

In conducting the experiments with the cosmic ray particles, several versions of the
trigger were used. In one of the versions the start of the readout electronics was triggered
by the coincidence signal of two photomultipliers of the scintillation counter, located in
the cylindrical cavity of the tracking system. In the second version the coincidence of
signal from the scintillation counter photomultiplier with the signal of the logic of tracks,
developed for experiments with the SND detector at VEPP-2000, was required. For each
wire �red in the event, the response time of the discriminator with the accuracy of the
order of one nanosecond and a sequence of signal amplitudes from both sides of the wire,
measured with the step of 25 nanoseconds (digital oscillograms), were recorded. The
recording rate of events was about 0.2 Hz. In total, more than 30 thousand tracks of
cosmic ray particles were recorded.

For the drift time based coordinate resolution measurements, the event reconstruction
program, based on the Kalman �lter, was used. The drift velocity was assumed to be a
constant and its value, as well as the dependence of the coordinate resolution on the drift
distance were determined from simulation. The linear approximation of the dependence of
coordinate on the drift time contained two parameters for each layer. Experimental events
were used to determine the �nal values of the linear approximation parameters and the
corresponding coordinate resolutions for all nine layers. For this goal the suitably de�ned
likelihood function was minimized. The likelihood function included all reconstructed
cosmic ray tracks with four and more hits. The track parameters were �xed in the
minimization.

The described algorithm served as the basis of the pilot version of the calibration
program for the dependence of coordinate on the drift time. The obtained dependence
is in a good agreement with calculations and results of simulation. Averaged over the
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length of the ionization drift, the coordinate resolution corresponds to the designed value
and equals to 150 µm. For small drift lengths the resolution noticeably worsens and this
is connected with statistical nature of the distribution of primary clusters of ionization
along the track. For the large lengths of drift, the contribution of the drift velocity
dependence on the distance and direction of the drift becomes appreciable. The obtained
experimental results will be subsequently taken into account in the calibration procedure
of the dependence of coordinate on the drift time.

The initial version of the calibration program for the coordinate determination along
the beam axis is realized. The coordinate is determined by the charge division method
with the registration of signals from both sides of the high-resistance signal wire. The
calibration of coordinate is performed in several steps. At �rst, the results of the generator
calibration of the amplitude channels of the registering electronics are applied to the mea-
sured values of charges, which makes it possible to take into account the non-uniformity
of the response of the used electronics. In the second stage, the events with the tracks,
which wholly lie in one of the drift cells, are selected. The analysis of such events makes
it possible to take into consideration displacements of each signal wire relative to the
general system of coordinates of the detector. Third stage � absolute calibration of the
coordinate scale along the beam axis.

The average coordinate resolution in the beam axis direction, measured according to
the results of the 2007 experiments, was 2 mm, which is close to the designed value of
1,5 mm. Subsequently, the re�nement of this coordinate resolution with the aid of the
information from the cathode strips, placed on the surfaces of the inner covering of the
housing of the tracking system facing the gas volume, is planned.

Figure 1: The photograph of the SND tracking system during the tests.

The �rst segment of the aerogel counter was manufactured in 2007. Measurements with
this segment, by using the cosmic ray particles, gave the results statistically consistent
with the analogues results obtained with the test prototype counter earlier. In the second
half of 2007, assembling of the two remaining segments of the counter was conducted. The
installation of the front-end electronics in the housings of the segments is near the end at
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the given moment, after which the last stage of assembling will be executed � packing of
aerogel into segments.

In the same year, the electronics for the proportional counters of the SND muon system
was manufactured and established. The proportional counters modules were tested with
the aid of a radioactive isotope source, as well as with the cosmic ray particles, and
they are ready for installation at the detector. Muon system readout electronics was also
manufactured. The main part of the barrel scintillation counters were tested with cosmic
muons. In 2008 it is planned to install the muon system at the detector and to connect
it to the SND data acquisition system.

At present electronics of all subsystems of the SND detector is completed and ready
to work. Its testing is conducted in the electronic console room of the detector.

For purposes of preparation of the nucleon form factors measurement experiment, the
shaper of the calorimeter counter pulses for measuring the time of �ight was designed and
constructed. Soon measurements of the time resolution of the SND calorimeter counter
with this shaper will be performed to optimize its parameters. Work is continued on
optimization of the selection criteria for events with neutron-antineutron pairs formation
and to the suppression of background. For this goal events simulated in GEANT4, as well
as experimental events collected by the SND detector at VEPP-2M collider, are used.

Software of the data acquisition system was polished up and modernized taking into
account the requirements of the experiment:

� estimation of the luminosity according to the trigger is realized;

� readout of the �yes-no� plates is realized;

� selection of events for the visualization according to the logical formula of trigger
masks is realized;

� access to the data bases through the Web-interface was optimized;

� possibility to launch the tertiary trigger L3 is realized for the analysis of events in
the o�-line regime, without interaction with the on-line processes;

� a new feature of the tertiary trigger modules parametrization is realized: at the
beginning of the program there is a possibility to select from where the parameters
of the modules will be taken: from the DB (as it was earlier) or from the �le (through
AppParams);

� the stoppage scenario of processes is improved: warning signals about the stoppage
and processing were added for each process;

� the Readout context restoration process is realized;

� intake of the channel �rings is conducted: counting of the �rings of channels was
added in L3;

� display of the data from VEPP (currents) and SND measurements of luminosity is
added to the operator interface;

� scaling of the scalers plot is improved;

� the tertiary trigger masks is added into the event record;
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� pro�ling of the L3 functioning is carried out;

� the possibility to start the di�erent assemblings of framework (optimized, check-out
version for adjustments and so forth.) is realized in L3Shell;

� errors were corrected according to the results of the test and operational runs, the
operational e�ectiveness of the system is improved.

The transition of the SND cluster computers to the operating system Scienti�c Linux
5 is started. This OS is assumed to be the �nal working version, that is it will be used in
the entire period of the data collection and analysis.

For Monte-Carlo simulation of the SND detector, responses of the tracking system,
calorimeter and muon system are realized. The simulation of the tracking system response
takes into account primary ionization �uctuations, drift and di�usion of the ionization, gas
ampli�cation. The module is added to the calorimeter response simulation to take care of
the light collection non-uniformity. In the trigger simulation all subsystem of the detector,
except the Cerenkov counter, are included. At present the event reconstruction program
for the SND tracking system is modernized in order to increase the event reconstruction
rate.

In 2007 with the aid of the SND calorimeter, using the created data acquisition system,
the luminosity Of the VEPP-2000 collider was measured by using events of the processes
e+e− → e+e− and e+e− → γγ. The measured luminosity over beam current (the speci�c
luminosity) turned out to be about 1028sec−1cm−2mA−1.

Figure 2: The SND detector at the VEPP-2000 collider.

2. VEPP-2M data analysis. In 2007 the article dedicated to the measurement of
the total cross section of the process e+e− → K+K− in the energy range √s = 1.04 ÷
1.38 GeV was published. The total integrated luminosity in the experiment was 6.7 pb−1.
The average statistical error of the measurement is equal to 4.4 %, the systematic error �
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5.2 %. The cross section is described by the vector dominance model taking into account
the contributions of the light vector mesons ρ, ω, φ and �rst excitations of these states.

Analysis of the process e+e− → µ+µ− in the energy region above 1 GeV is near com-
pletion. Work is continued on the analysis of the processes e+e− → π+π− (2E >1 GeV),
e+e− → e+e−γγ and number of others, recorded during the experimental cycle at VEPP-
2M with the SND detector.

3. Participation in international projects. In 2007 the BABAR collaboration have
published 58 articles, four of which were prepared with determining participation of the
BINP group. With the use of a new method, which makes it possible to decrease the
theoretical error, determination of the Cabbibo-Kobayashi-Maskawa matrix element |Vub|
from the inclusive charmless B-meson decays was carried out. By the method of radia-
tive return, the cross sections of the e+e− annihilation into the hyperon pairs ΛΛ̄, ΛΣ̄0,
Σ0Σ̄0 were measured, as well as the cross sections of the following processes e+e− →
K+K−π+π−, K+K−2π0, 2(K+K−) and e+e− → 2(π+π−)π0, 2(π+π−)η, , K+K−π+π−π0,
K+K−π+π−η for energies from the thresholds up to 4.5 GeV. Many of these cross sections
were measured for the �rst time. The results of these investigations were reported at the
international conferences LP07 � 13th International Symposium on Lepton-Photon Inter-
actions at High Energy, and at HADRON07 � XII International Conference on Hadron
Spectroscopy.

4. Developments in experimental methodics. In 2007, together with Lab. 3-12,
work was continued on the modernization of the X-ray radiation detector OD-3. The basic
di�erence of the new detector from its predecessor is the use of a new readout electronics.
The contemporary element base makes it possible to perform the full processing of the
recorded signals in the compact electronic section in immediate proximity of the sensitive
volume of the detector, made on the basis of multiwire proportional chamber. For the data
transfer and detector control from the remote computer, the standard protocol Ethernet is
used. Together with an increase in compactness and ergonomic quality of the installation,
this solution is used to improve a number of the metrological and performance properties
of the detector and to increase its reliability.

In the spring of 2007 the �rst switchings of the prototype detector with the part of
the registration electronics took place, and at the end of the same year the full-scale tests
of the �rst OD-3M detector, completely prepared and equipped, began. The �rst results,
obtained with the radioactive isotope Fe55, con�rmed the attainability of the designed
operational and metrological parameters of the new detector. In accordance with the
established contract terms and conditions, at the beginning of the 2008 year the �rst
installation OD-3M will be delivered to the Kurchatov center of synchrotron radiation
(KSRS, Moscow).

In the work participated:
G.N. Abramov, P.M. Astigeevich, M.N. Achasov, V.M. Aulchenko, A.Yu. Barnyakov,
K.I. Beloborodov, A.V. Berdyugin, V.E. Blinov, A.G. Bogdanchikov, A.A. Botov,
A.D. Bukin, D.A. Bukin, M.A. Bukin, A.V. Vasiljev, V.M. Vesenev,
E.P. Volkova, V.B. Golubev, T.V. Dimova, V.P. Druzhinin, D.P. Kovrizhin, A.A. Ko-
rol, S.V. Koshuba, E.A. Kravchenko, A.Yu. Kulpin, K.A. Martin, A.E. Obrazovsky,
A.P. Onuchin, E.V. Pakhtusova, V.M. Popov, S.I. Serednyakov, Z.K. Silagadze,
A.A. Sirotkin, K.Yu. Skovpen, I.K. Surin, A.I. Tekutev, Yu.V. Usov, P.V. Filatov,
A.G. Kharlamov, Yu.M. Shatunov, D.A. Shtol, A.N. Shukaev.
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1.3 Detector KEDR

Figure 1: The KEDR detector. 1 - vacuum tube of the collider, 2 - vertex detector,
3 - drift chamber, 4 - aerogel Cherenkov counters, 5 - time of �ight counters, 6 - liquid
krypton barrel electromagnetic calorimeter, 7 - superconducting solenoid, 8 - magnet york,
9 - muon chambers, 10 - end cap electromagnetic calorimeter based on CsI crystals, 11 -
compensating solenoids, 12 - quadruples.

The KEDR is the universal magnetic detector working on e−e+ collider VEPP-4M in
the energy region from 3 to 11 GeV in the center of masses. The detector consists of the
following systems (Fig. 1): vertex detector, drift chamber, aerogel Cherenkov counters,
time of �ight scintillation counters, barrel electromagnetic calorimeter based on liquid
krypton, end cap electromagnetic calorimeter based on CsI crystals, superconducting
solenoid, muon system, tagging system and luminosity monitor.

Vertex detector. The vertex chamber of the KEDR detector (vertex detector, VD)
is placed between the main drift chamber and the collider vacuum chamber. Its purpose
is to increase the solid angle coverage of the coordinate system up to 98%. VD consists
of 312 cylindrical drift tubes with length of 670 mm and diameter of 10 mm mounted in
6 concentric layers around the vacuum chamber. The drift tube is made of a cylindrical
cathode (20 um thick one-layer aluminized mylar) �lled with a gas mixture, and a central
anode wire. The tubes are operated in proportional mode and allow the determination
of the charged track distance to the center of the tube by measuring the drift time of the
ionization. This design features a small radiation thickness along the track path (about
0.2% of the radiation length). The amplitude of the signal and the coordinate along the
tube are not measured. As a gas mixture, argon with the admixture of 30% of carbon
dioxide under 0.1 atm pressure is currently used.

For the reconstruction of charged tracks, the information from the VD is combined
with the drift chamber data. In addition, the VD hits are used in the decision of second-
level trigger which allows to suppress the fraction of the background events.

The spatial resolution of the drift tube, obtained at the VD prototype using argon-
carbon dioxide mixture is about 100 um. The resolution obtained at VD using cosmic
tracks is 170 um. Further improvement is possible by increasing the gas ampli�cation of
the drift tubes (currently it is around 105). However, this is limited by the increase of the
crosstalk hit probability. Currently, the modi�cation of the VD preampli�er is designed
with the aim to suppress crosstalk.
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Drift chamber. The drift chamber of KEDR detector has cylindrical shape, its
length is equal to 1100 mm, an innner radius is 125 mm, an external radius is 535 mm.
Jet type cell with six anode wires is used in the drift chamber. Distance of drift is about
30 mm. Clean dimethyl ether (DME) is used as the working gas. Usage of DME in the
cell of our type with the large drift distance, in which coordinate resolution is limited by
di�usion, made it possible to obtain the average spatial resolution on the cell better than
100 mkm.

Chamber contains about 32000 wires, 1512 of them are sensitive. The length of the
wires is 970 mm. Wires forms seven super-layers of the cells � four axial with the wires
parallel to the axis of beams and three stereo with the angle of slope of wires in the axis of
the chamber ±100 mrad for measuring the coordinate along the wire. In total there are 42
measurements of coordinate and ionizing losses for the particle of that intersecting entire
chamber. Solid angle for the particles, passing through three super-layers, composes 87%
and decreases to 70% with the intersection of all seven super-layers.

Design pulse resolution with the measurement only in DC with the tension of the
magnetic �eld 1T, 42 measurements of coordinate with the accuracy of 100 mkm and to
the measuring base of 370 mm is equal to:

(dPt/Pt)2 >= (0.004)2 + (0.01× P )2,

where P is particle momentum in GeV/c.
With established in this season magnetic �eld of 0.65 T and because of the shorts in

seventh super-layer, which substantially decreased the measuring base, achieved resolution
is

(dPt/Pt)2 >= (0.034× P )2.

With 42 measurements of ionizing losses design resolution on dE/dx is 10.3%, that
ensure π/k separation up to 600 MeV/c and K/p separation up to 1200 MeV/c at the 2
sigma level.

In 2007 all systems were worked in the normal mode, in the time of experiment it did
not appear the new nonworking channels of electronics. Gas system worked in the pressure
stabilization mode. During the experiment all parameters of the DC were checked, written
in the data base and are used in statistics reprocessing. Occurred one break of wire in the
second super-layer (2/3 of the layer were excluded from operation), the conducting peace
of wire in 5 super-layer (entire layer excluded).

There is a program of the events reconstruction in the DC. Average spatial resolution
is 115 mkm in the axial layers and 220 mkm in the stereo layers. The instability of the
cleanliness of DME synthesized by Institute of Catalysis RAN periodically leads to the
problems with the DC operation. Joint operations on the �nishing of the technology of
synthesis and DME cleaning is conducted.

The DC software is improving. The simulation is written, which considers the state
of the DC parameters during the experiment, data of simulation are in agreement with
the experiment. Work on the identi�cation of particles on the ionizing losses continues.

Production of the new DC is going on � the production of prototype is begun, pro-
duction of DC elements continued.

Aerogel Cherenkov counters. Threshold aerogel counters of the KEDR detector
use aerogel with the refractive index 1.05 as a Cherenkov radiator. This gives the pos-
sibility to separate π- and K-mesons with momenta from 0.6 to 1.5 GeV/c. The light
collection is performed with the help of wavelength shifting bars where Cherenkov light
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reemits, captured into the angle of total internal re�ection and transported to the pho-
todetector (ASHIPH method). The ASHIPH system of the KEDR detector contains 160
counters in two layers. The counters are arranged in such a way that a particle from the
interaction point with a momentum above 0.6 GeV/c should not cross the shifters of both
layers. We would like to note that the aerogel counters system of the KEDR detector
includes two layers and most of the particles will cross two counters in good conditions.
For such particles the identi�cation power will be higher.

The one layer of the system was installed into the detector in 2003. Starting from
2004 this system is working and collect data together with the other systems of the
KEDR detector.

The single photoelectron calibration procedure was developed. Calibration parameters
are recorded in the data base. The program of system slow control using experimental
data was written. The signal amplitude from cosmic muons and from events of BhaBha
scattering in the aerogel counters was measured. The amplitude is smaller than initial one
by a factor 2-3. The main reason of this drop is collapse of optical contact between PMT
and WLS due to displacement of PMT in the magnetic �eld of the detector. Currently
15 counters are out of order.

Time of �ight system. The time of �ight system of the KEDR detector consists
of 32 barrel and 64 end cap counters covering 95% of total spherical angle. Each barel
counter is equipped with two photomultipliers, this guarantees detection e�ciency for
more than 99% of charged particles. The full set of system parameters calibrations give
the possibility to reconstruct particle time of �ight with the accuracy close to designed
one. The barrel counters have mean timing resolution of 350 ps, end cap � 320 ps. Such
timing resolution gives the possibility to separate π and K mesons up to 680 MeV/c.

In the frame of KEDR reconstruction the package for particle identi�cation based on
time of �ight information was developed. Using this package �rst results on inclusive
hadron production were received.

Liquid krypton barrel electromagnetic calorimeter. LKr calorimeter is the set
of cylindrical ionization chambers with liquid krypton as working media. The inner radius
of calorimeter is 75 cm and the thickness of active zone is 68 cm (14.8 radiation length).
The total amount of liquid krypton is 27 tons. The electrodes of the ionization chambers
are made of G10 foiled with copper and their thickness is 0.5 mm. The anode-cathode gap
of chambers is 19.5 mm and high voltage is about 1 kV. The signal is read out from high
voltage electrodes divided into rectangular pads forming towers oriented to the interaction
point. In the radial direction all the towers are divided into three sections. The eight
grounded electrodes of the �rst section are divided into strips for the photon coordinates
measurement. The total number of electronics channels is 7204; 2304 are towers, 4936 �
strips.

The calorimeter is �lled out with liquid krypton from the beginning of 2004 and,
as part of the KEDR detector, take part in the experiments on the VEPP-4M collider.
On the experimental data the physical performances of the calorimeter were measured.
The calorimeter energy resolution for large energy scale was measured on the BhaBha
scattering events and the value is 3.0 ± 0.1 %. The expected energy resolution for this
energy is 2.3 %. There is the clean peak from decays of the neutral π-meson on the two
photon mass spectrum measured by LKr calorimeter. The resolution of the calorimeter
on the π0 mass is 9.5 ± 0.5 MeV (Monte Carlo gives 8.5 MeV). The space resolution for
minimal ionization particles was measured on the cosmic events and the value is (0.7 -
0.8) mrad in accordance with the expectations.

In 2006-2007 the reconstruction software of the LKr calorimeter was extended by the
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module of the reconstruction in the end-cap calorimeters. Thus, the event reconstruction
in the both calorimeters proceed within the same framework. The appropriate software
package was included in the common procedure of the KEDR event reconstruction. The
real calorimeter position in the detector was investigated with cosmic events by means of
the track reconstruction in the strip structure of the calorimeter. In the same way it were
determined positions of the end-cap calorimeter modules. The alternative method of the
relative cosmic calibration of the end-cap calorimeters channels was realized by means of
the information from the LKr calorimeter coordinate system. The initial e/π separation
procedure, using the calorimeter and drift chamber information, was developed.

The end cap electromagnetic calorimeter based on CsI crystals. The end cap
calorimeter of the KEDR detector based on CsI(Na) crystals consists of 2 end caps of four
quadrants each. The calorimeter thickness is 300 mm which is equal to 16.2 rad. length.
The total number of scintillation crystals is 1232, including 1184 crystals of 60 × 60 ×
150 mm3 size and 48 crystals of 60×60×300 mm3 size. The scintillation light is read out
with the vacuum phototriodes followed with the preampli�ers. Signals from preampli�ers
were formed by F15 shapers and digitized by A32 ADC.

Tests of the calorimeter stability include daily measurements of ADC pedestals and
generator pulse calibration, as well as the cosmic runs about two times a week. Variation
between two nearest pedestal measurements was about 0.5 ADC channels. Stability of
the most electronic channels was better than 1%. At the same time ' 64 channels have
much worse stability. We assume that this deterioration is concerned with unstable work
of associated phototriodes in magnetic �eld. The noise of electronics was equivalent to
400 keV per ADC channel.

Muon system. Muon system consists of 88 blocks of streamer tubes arranged in
three layers inside the KEDR magnetic yoke. The total number of channels is 544. Muon
system was used at all KEDR experiments during year 2007. Regular monitoring of
system status is performed upon experimental data and calibrations by generator and
cosmic events.

Currently there are 30 broken channels. 9 channels are distributed in 8 blocks, 21
channels are found in 3 blocks. These channels are planned to be repaired during the
next partial decomposition of system.

Spatial longitudinal resolution is about 4 cm. This resolution does not exceed deviation
of coordinate, caused by multiple scattering in the detector media for muon with energy
1.5 MeV from interaction point. Registration e�ciency of one layer is about 95%. This
value allows us to detect minimal ionizing particles reliably and to identify sort of particles,
coming from interaction point, by its range.

To stabilize proportions of gas mixture components the control of gas �ows was au-
tomated using �ow controller management device. Its software was updated to reach
appropriate stability and usability. Due to insu�cient level of chamber electronics sta-
bility the new versions of shaper-ampli�er and expander electronics are being developed
using modern chips.

Currently experimental data processing proceeds to work out technique of reliable
identi�cation by particle ranges. This technique will be used for obtaining physical results
upon experimental data.

Tagging System. The Tagging System (TS) is designed to enhance the detector the
ability to study the two-photon processes. Such processes are described with a diagram
e+e−→e+e−X, where the system X is originated from two virtual photons emitted by
colliding electron and positron. This mechanism is very close to one of QED process
γγ→X which is practically unavailable for a direct observation. Measuring the energies
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of scattered e+ and e− (tagging) one can calculate parameters of the system X even
without its reconstruction in the central detector.

The TS includes 8 blocks of drift tube hodoscopes. Each block contains 6 double layers
of drift tubes. Tubes have diameter of 6mm and allow to register scattered particles with
a spacial resolution about 400 microns. The total number if tubes is 1440.

TS blocks are placed at both side of the interaction point at distances 4�16 meters. The
scattering particle de�ection in the transverse magnetic �eld of collider structure allows
to calculate its energy. In our case TS can measure the energy of the emitted photon
with resolution (0.2-0.5)% in the region 50�1000 MeV. An invariant mass resolution for
the system X is about 5�10 MeV for masses around 1 GeV.

Luminosity Monitor. The operative measurements of the collider luminosity are
performed by luminosity monitor system (LM) through measurement of single bremsstrah-
lung radiation rate (ee→e+e−γ). Gamma quanta from electron and positron beams with
energy more than 300 MeV are detected with the help of two scintillator-lead sandwiches
(thickness 18X0). Each sandwich consists of 4 modules which is red by 16 PMTs. The
whole system has 40 readout amplitude channels. For beam position measurement two
coordinate wire chambers with inductive readout are used. Gamma quanta from single
bremsstrahlung convert in the lead with the thickness of 2 mm, electrons and positrons
are detected with coordinate counters.

The project energy resolution is about 4% at 1 GeV. Present energy resolution of
luminosity monitors is 6�7%. This is enough for experiments in the energy region of Ψ
resonances. The relative accuracy of luminosity measurements is 3�4%, absolute is about
5%.

Regular measurements and corrections of beam orbit ensure stability of luminosity
measurement less than 5%. The joint data processing from luminosity monitor and tagging
system has started to ensure better LM calibration.

Presently beam energy is measured continuously � one measurement every 20 minutes
with accuracy 50 keV.

Trigger. The goal of the trigger system is on-line selection of interesting events at
acceptable rate of background events. The trigger of the KEDR detector consists of two
levels. The primary trigger (PT) receives inputs from the time-of-�ight scintillators, from
the barrel and end cap electromagnetic calorimeters. For the secondary trigger (ST) in
addition to these systems signals from the drift chamber, the vertex detector, the muon
system and from the scattered electrons tagging system are used. The trigger produces
�arguments� out of signals from the systems. The PT and ST conditions are logical sum
of logical products of these arguments. The decision time is 450 ns for PT and 18 µs for
ST.

Recording of �red calorimeter units has been arranged in order to simplify the test of
the trigger performance.

Cryogenic supply system. The KEDR cryogenic supply system has worked in 2007
with a full range project power. It has provide a workability for all cryogenic components
of the KEDR in experiments with e+e- collider VEPP-4M. The main cryogenic elements
of the KEDR detector is a calorimeter based on liquid krypton and superconducting
solenoids.

The central electromagnetic calorimeter has been �lled by 27 tons of liquid krypton
and being destabilized permanently in a temperature region of 119 � 120 K in a long time,
more of two years.

Storage and delivery of a liquid nitrogen is carried out by means of two storage tanks
with a full capacity more of 100 tons. One tank is used as a gas-producing machine to
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provide a warmed gaseous nitrogen to blow on end caps of the KEDR drift chamber. This
essentially improves its technical characteristics.

The KEDR superconducting magnet system is based on liquid helium. It consists of
the main and two compensating solenoids. The magnetic �eld of 0.65 T was provided in
the main solenoid. Failure in creating of the superconductor with a high critical current
for the power supply of the main solenoid has not allowed us to reach the project �eld
1.83 T. The magnetic �eld ramping was 0.086 T per a day.

The helium refrigerator provides liquid helium consumption up to 1100 liters per a day,
in a mode of throttling. The piston type expander machine reduces the consumption down
to 600 liters per a day. Completed in 2005 modernization of vacuum system of helium
pipes as well as replacement of defective elements of the expander machine provided a
record-breaking low consumption of liquid helium per a day: down to 400 liters.

KEDR main results in year 2007.

During 2007 the KEDR detector have collected data in the energy region of τ -lepton
threshold and in the regions of J/ψ, ψ

′ resonances.
The main tasks of experiments were precise measurements of masses of τ�lepton, D-

mesons, investigation of decays, for example measurement of ψ
′ decay probability into

τ+τ−.
The exact measurement of τ�lepton mass together with the known values of its time

of life and decay probabilities into electron, neutrino and anti-neutrino helps to perform
exact testing of the hypothesis of lepton universality � one of the main postulates in weak
interactions theory.

The data collection in the energy region of J/ψ-meson was performed to measure
beam energy spread of VEPP-4M collider. This is essential for τ mass measurements.
The collected statistics will help also to de�ne more exactly lepton width of J/ψ.

Preliminary results on τ�lepton production cross section near threshold are presented
in Figure 2.

Preliminary results on τ -lepton mass and branching fraction for ψ′ → ττ are the
following:

Mτ = 1776.80+0.25
−0.23 ± 0.15 MeV,

B(ψ′ → ττ) = (2.0± 0.85) 10−3,

MPDG
τ = 1776.99+0.29

−0.26 MeV,,

BPDG(ψ′ → ττ) = (2.8± 0.7) 10−3,

MKEDR
τ −MPDG

τ = −0.19+0.25
−0.23 ± 0.15 MeV.

We are planning to improve detection e�ciency of ττ events. This will help to improve
the accuracy of mass measurement to the level of world average.

In the present work the measurement of the ψ(3770) mass and total width has been
completed.
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Figure 2: The observing τ�lepton production cross section near threshold (preliminary
results).
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Figure 3: The τ -lepton mass.

The resonance ψ(3770) was discovered a thirty years ago, but its theoretical description
is still unclear. The existing models predict parameters of the resonance di�ering from
experimental data.

During 2004 and 2006 the three scans of the ψ(3770) - resonance with the detector
KEDR were performed and the integrated luminosity

∫
Ldt ≈ 2.4 pb−1 has been collected.

Our preliminary results and that of the previous experiments are shown below.
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Experiment Mψ(3770) [MeV] Γψ(3770) [MeV]
MARK-I 3774.1± 3 28± 5
DELCO 3772.1± 2 24± 5
MARK-II 3766.1± 2 24± 5
BELLE 3778.4± 3.0± 1.3 �
BES-II 3772.8± 0.7± 0.3 26.9± 2.4± 0.3

PDG2007 3772.4± 1.1 26.3± 1.9
KEDR(preliminary) 3772.9± 0.6± 0.8 25.8± 3.0± 3.0

The results of the experiment have been reported at HEP2005 .

Neutral and charged D mesons are the lightest states in the open charm system. The
knowledge of their masses is essential as a starting point for the measurement of the masses
of exited states. Despite this, the measurement is important to establish the nature of the
recently discovered X(3872) state, the mass of which is close to the D0 −D∗0 threshold.
Before 2007, the measurement of D masses was based on the results of ACCMOR and
MARK-II experiments, the world average precision was about 0.5 MeV. In 2007 CLEO-c
collaboration published the result of D0 mass measurement with the precision of 0.18 MeV
in the analysis of D0 → KSφ decay. The analysis of ψ(3770) → DD̄ decays aiming at
the measurement of neutral and charged D meson masses has been performed at KEDR
experiment. The preliminary values obtained are M(D0) = 1865.43 ± 0.60 ± 0.38 MeV
and M(D+) = 1869.39± 0.45± 0.29 MeV. The value of D0 mass is consistent with more
precise CLEO-c measurement obtained with the di�erent technique; the measurement of
the D+ mass is presently the most precise direct measurement, and it agrees with the
world average value.

The combination of widths is one of the fundamental resonance's parameters and thus
is important for theories. It also helps to obtain other resonance's parameters useful for
both theoretical and experimental studies.

There is no PDG value for the quantity being measured at the moment.
This measurement is more technically complicated than, for instance, measurement of

branching. Parameters like widths and branchings of ψ(2S) are calculated by PDG using
combined �t of results of several experiments.

The statistics taken at VEPP-4M collider and KEDR detector in 2004-2006 has beep
processed. Total integral luminosity accounted for is more than 2 pb−1.

Preliminary result for Γee × Γµµ/Γ for ψ(2S) is obtained:
ΓeeΓµµ

Γ
= 17.9± 0.5± 0.9 eV.

Using PDG value for Γee one could get B(ψ(2S) → µ+µ−) = (79± 2± 5)× 10−4 while
PDG �t value is B(ψ(2S) → µ+µ−) = (74± 8)× 10−4.

This preliminary result was presented at scienti�c session-conference Russian Academy
of Science in November 2007.

1.4 Detectors for HEP

On the KEDR detector, in 2007 as in previous year, the main e�orts in the �led
of electronics were concentrated on keeping the continuous round-the clock operation of
the detector electronic systems. As a result, in addition to the stable operation of other
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systems, it provided the storage of a large volume of experimental data. In addition, for the
detector calorimeters, a new more reliable version of the digitizing electronics (A32 board)
was produced. The work on upgrade of electronics for various systems of the SND detector
is practically �nished. Starting from the summer of 2007, the calorimeter electronics is
being operated in the full extent in measurements of the VEPP-2000 luminosity. The
beginning of experiments is planned for the autumn 2008.

For the KMD-3 detector, 45 highly complex printing boards were produced out of
BINP. At present, these boards are under assembly at the BINP radio-workshop. The
�rst tests of samples of the board serial production under real conditions have shown their
full correspondence to technical reauirements.

1.5 X-ray Detectors

In 2007, we continued intense experiments on the dynamics of explosions at the SR
channel with the use of a 256 channel one-coordinate detector DIMEX-1. A new design
of the body and printing board of electronics with applied strip structure were produced
for a 512 channel detector. Production of the detector is planned for April, 2008.

In 2007, we continued the work on detector OD-4 for experiments on the wide-angular
scattering at SR. In OD-4, instead of a wire structure as, for example, in OD-3, a multi-
layer gas electron multiplier (GEM) that enables in addition to the high gas ampli�cation
(over 10 000)to construct the detector in the form of an arc with an arbitrary angular
aperture. During a year, we performed all the necessary preparatory works for manufac-
ture of the 256 channel detector prototype. Within the frame of the upgrade of detectors
of the OD-3 series aiming at improvement of their reliability and parameters, we are car-
rying out the intense work on the development and manufacture of the 0ne-coordinate
detector of the next generation OD-3M. By the contract with ÊÖÑÈ, at the end of 2007,
we produced the �rst detector. In January, 2008, we plan to start its tests with SR beam.

1.6 Othe works
Within the frame of international collaboration, the sta� of the section continued an active
participation in the work related to the upgrade of the DAG-system at BELLT detector
(KEK, Japan). The �rst samples of the novel electronics are developed and tested. The
samples were produced in Japan: for the Barrel part of the calorimeter � based on CsI(Tl)
crystals and for the end part of the calorimeter� on the base of at the plants of the Japanese
industry: for the Barrel part of the calorimeter based on Cs(Tl)-crystals and for the end
part of the calorimeter on the base of the pure CsI crystals.

1.7 Micro-Pattern Gaseous Detectors

The development of detectors based on multi-GEM structures was continued in 2007.
The work was performed in several directions:

1) Development of cryogenic two-phase avalanche detectors based on GEMs.
2) Upgrade of the KEDR tagging system.
3) Participation in R&D for TPC of International Linear Collider.
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1) The overall objective of this project is to advance neutrino, dark matter and med-
ical imaging techniques through the development of specialized devices based on Gas
Electron Multipliers (GEMs) operated in dense noble gases at cryogenic temperatures in
an electron-avalanching mode. The unique advantage of multi-GEM multipliers is that
they can operate in dense noble gases at high gains . In addition, the broad variety of
application �elds listed above is based on the unique property of GEM detectors, to op-
erate in noble gases at cryogenic temperatures in the gaseous and two-phase (liquid-gas)
modes. The GEM-based cryogenic avalanche detectors might be used in the �eld of coher-
ent neutrino-nucleus scattering using two-phase Ne and Ar, solar neutrino detection using
two-phase or high-pressure He and Ne, dark matter searches using two-phase Ar and Xe,
Positron Emission Tomography (PET) using two-phase Xe, and digital radiography using
two-phase Ar and Kr.

In 2007 the works with the cryostat with 2 l chamber operated with two-phase Ar at
temperature 84-87 K, inside which the triple-GEM was mounted, were continued. The
works with the cryostat with 10 l chamber were also continued. The results obtained by
the end of 2007 are summarized below.

The measurements of signals, induced by nuclear recoils from neutron scattering from
Cf-252 source, were continued in the two-phase Ar avalanche detector. In particular, it
was shown that at the background of gamma-ray signals onecan observe also the signals
induced by nuclear recoils.

For the �rst time the successful detection of both scintillation and ionization signals
in two-phase Ar avalanche detector under irradiatoion of beta-particles was demonstrated
using CsI photocathode deposited on the �rst GEM. Such mode of operation is needed
in particular for the selection of nuclear recoil sigals when detecting dark matter. For the
anode signal it was obtained 30 photoelectrons per 600 keV of the energy deposted in the
liquid Ar. At that, the technique for the deposition of CsI photocathode on GEM using
vacuum evaporation and for the measurement of CsI quantum e�ciency at 185 nm was
developed.

The investigations on thick GEM performance in two-phase argon avalanche detector
have been started. The implementation and assembling of the gas system and the system
of liquid nitrogen supply for the two-phase detecor with a 10 l cryogenic chamber were
started. The studuies of cryogenic avalanche detectors will be continued in 2008.

2) The system of tagged electrons is a substantial part of the KEDR experiment; it
allows for detecting electrons scattered from the colliding point at small angles. These
electrons characterize photon-photon interaction and their detection and the measure-
ment of their monemtum is an important physical task. The existing system of tagged
electrons based on drift tubes have a limited spatial resolution; it measures the particle
coordinate in one direction only which substantially restricts the signal/background sep-
aration capability. To obtain the ultimate momentum resolution of scattered electrons
and to improve signal/background separation, it was suggested to place detectors based
on triple-GEM with two-coordinate readout in front of each of 8 system stations. These
detectors allow to measure the coordinate in the beam orbit plane with a 0.1 mm res-
olution. In the perpenndicular direction the spatial resolution will be 0.25 mm in the
region of +-1cm near the orbit and about 1 mm far away from the orbit plane. To ob-
tain the required parameters a special structure of the readout plane has been developed
with the variable angle of stereo-strips. Detector dimensions vary from 125*100 mm to
250*100 mm depending on the station type.

In 2007 the detectors in positron arm of the system were assembled. At the moment
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7 detectors in total are installed at VEPP4M ring: 3 detectors in the electron arm and
4 detectors in the positron arm. In addition 3 detectors are fully tested and installed in
the laboratory. They are used for the measurement of characterisitics under irradiation
of cosmics rays. Also during 2007 the software was being developed and debuged, needed
for the system operation in frame of the KEDR detector. The system commissioning in
the whole is planned to be in the second half of 2008.

3) In 2007 we continue to participate in the R&D of detectors for the TPC of Linear
Collider. The multi-GEM structures are currently considered to be the most promising
candidates for the TPC endcap detector.

The following people of Lab. 3 participated in the work:
V. M. Aulchenko, N.S. Bashtovoy (Lab.2) , A. E. Bondar, A. F. Buzulutskov,
A. A. Grebenuk (Lab. 2), D. Pavlyuchenko, L. I. Shekhtman, R. G. Snopkov,
Y. A. Tikhonov, V. V. Zhulanov.

The work is re�ected in the following papers and reports:
[76], [77], [78], [272], [273].

1.8 BELLE collaboration

Observation of CP-violation in B-meson decays is one of the most important problems
in the modern high energy physics.

For this purpose the B-factory KEKB with design luminosity 1034cm−2s−1 has been
constructed in KEK (High Energy Research Organization, Japan).

Since 1999 experiments on this collider are being carried out with the BELLE detector,
which was created by joint e�orts of the physicist of more than 50 institutes from 10
countries.

This year KEKB obtained luminosity 1.7 × 1034cm−2s−1, which is the highest lumi-
nosity ever achieved in the world.

Since 1994 our Institute is one of the members of the BELLE collaboration. We
participated in design and construction of the electromagnetic calorimeter and have been
contributing to the work of the calorimeter group. The BELLE calorimeter consists of
the 8736 CsI(Tl) scintillation crystals of 16 X0 length. It provides detection of photons
with good energy resolution and high e�ciency in the energy range from several tens of
MeV up to 10 GeV.

To obtain the design energy resolution, accurate calibration and monitoring of the
counters are very important. Our Institute team coordinates this activity.

The absolute calibration of the calorimeter is based on the experimental data of the
processes of elastic e+e− scattering and two photon annihilation. To study the calorimeter
nonlinearity, the events of e+e− → e+e−γ process and π0 → γγ are used. After �nal cali-
bration the energy resolution of 1.7% is obtained for gammas of two photon annihilation
in good agreement with the expected value. Using e+e− → e+e−γ data as well as the
two photon decay of neutral pion the nonlinearity function is obtained. The nonlinearity
correction factor is less than 2% for energies higher than 100 MeV.

The important issue both for optimization of accelerator regimes and for experiment
itself is the on-line luminosity measurement. In the detector BELLE a luminosity is cal-
culated using a counting rate of elastic e+e− scattering as well as two photon annihilation
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e+e− → γγ, detected by the endcap calorimeters. The luminosity is measured by two
sub-detectors of BELLE independently: by a small extremely forward calorimeter(EFC)
based on radiation hard BGO crystals and by endcaps of the main ECL calorimeter. Our
Institute team is responsible for the ECL luminosity measurement system as well as for
readout and utilization of the information of both systems.

At the end of 2001 the new luminosity measurement system which had been developed
by our Institute was installed at BELLE detector. The upgraded system uses φ-segment
signals of endcaps so the resulting signal is coincidence of two signals of forward and
backward segments opposite in φ-angle. This system provides luminosity measurements
for a higher level of background including the injection time. At the present time the
on-line luminosity is measured with 1% accuracy.

For seven years the detector BELLE has been storing the experimental data. At the
end of 2007 the accepted integrated luminosity was more than 760 fb−1. One of the main
goals of the experiment is the measurement of the angles of unitarity triangle(φ1, φ2, φ3).
Currently the reconstructed number of events is not su�cient for an accurate measurement
of all angles. The angle which is the easiest one to measure from both experimental and
theoretical point of view is φ1. In the Standard Model this angle is expressed via Kobayshi-
Maskawa matrix elements as φ1 = Arg(

VcdV ?
cb

VtdV ?
tb

). It is determined from the measurement of
time asymmetry in BB̄-decay, induced by the interference of decay amplitudes of these
mesons to the CP-de�ned �nal state J/ΨKS,

A(t) =
NB̄(t)−NB(t)

NB̄(t) + NB(t)
= sin(2φ1) sin(∆mdt)fCP

Using integrated luminosity of about 80 fb−1 stored for summer of 2002 the value of the
sin 2φ1 has been measured. It shows a statisticaly signi�cant large CP violation e�ect:
sin 2φ1 = 0.728± 0.056(stat.)± 0.023(syst.).

In addition to the tasks of CP-violation, the team of our Institute is involved in
analysis of B-meson three- and four-body decays as well as B-decays with charmed particle
production.

The �rst observation of doubly charmed B-meson decay to Λc, Λc, and K-meson
has been done and corresponding branching fractions have been measured: Br(B̄+ →
ΛcΛcK

+) = (6.5± 1.0± 1.1± 3.4)10−4, Br(B̄0 → ΛcΛcK
0) = (7.9+2.9

−2.3 ± 1.2± 4.2)10−4.
B-decays to the �nal state with a charmed strange meson have been observed for the

�rst time B̄0 → D+
s K−, B̄0 → D+

s π−. The branching ratios of these decays are following :
Br(B̄0 → D+

s K−) = (4.6+1.2
−1.1± 1.3)× 10−5 and Br(B̄0 → D+

s π−) = (2.4+1.0
−0.8± 0.7)× 10−5.

The decay B̄0 → D+
s K− happens due to the W exchange diagram only, so measurements

of this branching ratio provide valuable information for understanding of such processes.
We study production of the orbital excitation of D-mesons(D∗∗) in B-decays. In the

hadron decays B− → D(∗)+π−π− the production of all four expected neutral D∗∗ has been
observed and their parameters have been measured. It is the �rst observation of the broad
states. This study allows to understand the validity of Heavy quark e�ective theory in
such processes.

The team of our Institute observed and measured the branching fraction for the pro-
cesses B̄0 → D0K̄(∗)0, which can be used for the φ3 angle measurement. The measured
branching ratios are: Br(B̄0 → D0K̄0) = (5.0+1.3

−1.2 ± 0.6) × 10−5 Br(B̄0 → D0K̄∗0) =
(4.8+1.1

−1.0 ± 0.5)× 10−5.
The above listed results were presented at numerous physical conferences and are

published in articles.
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Although KEKB already operates with the highest luminosity the detector and collider
upgrade are being disscussed to increase the luminosity to the level of 1035cm−2s−1, which
allows to measure all unitarity triangle angles with several percent accuracy and gives
possibility to observe e�ects behind the Standard Model. The team of the INP participates
in the calorimeter system upgrade. The R&D works with pure CsI are carried out. These
crystals are supposed to replace the CsI(Tl) counters in the calorimeter endcaps. The
new electronics for the calorimeter readout is developed by the electronics group.

Participants:
V.M. Aulchenko, I.V. Bedny, A.E. Bondar, S.I. Eidelman, D.A. Epifanov, N.I. Gabyshev,
A.Yu. Garmash, P.P. Krokovny, A.S. Kuzmin, N.I. Root, V.E. Shebalin, B.A. Shwartz,
Yu.V. Usov, A.N. Vinokurova, V.N. Zhilich, O.A. Zyukova.

1.9 The Photon Collider

In 2004, the project of International Linear Collider (ILC) based on a superconducting
technology was launched. In addition to the e+e− physics program, the ILC will provide an
opportunity to study γγ and γe interactions, where high energy photons can be obtained
using Compton backscattering of the laser light o� the high energy electrons.

The photon collider is the second stage of the ILC but there are many special require-
ments which should be included to the project from the very beginning.

Unfortunately, the compatibility with the photon collider was lost in preparation of
the ILC Reference Design Report (RDR). Driven by a perceived need to reduce as much
as possible the initial ILC cost, the RDR accelerator team considered only the basic e+e−

mode and was a bit too overzealous in cost-cutting. It made the unwise decision to propose
a collider with a single IP and a 14 mrad crossing angle, not compatible with the photon
collider, which requires a crossing angle of 25 mrad.

While reducing the initial ILC cost by a few percent, the single-IP solution with no
space for the photon collider risked a great escalation of the cost of upgrades, to no
small part due to the need for substantial additional excavation in the IP region half-way
through the ILC lifetime, which would be highly impractical and perhaps technologically
or politically impossible. It is obvious that the total cost is minimal when all under-
ground construction work is done at once rather than in two or more stages, with their
considerable set-up costs and the disruption they would cause to ILC operation.

Gravely concerned with the risks of the single-IP, 14 mrad crossing-angle solution and
its near incompatibility with the photon collider, the author of this note, V.I. Telnov,
being the leader of the photon collider project, strongly disagreed with this aspect of the
RDR and made great e�orts to change the situation.

Fortunately, common sense has prevailed. The next step in the ILC is the Engineering
Design Report. At the ILC Interaction region engineering design workshop, IRENG07, I
once again formulated the requirements to the ILC design imposed by the upgrade path
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to the photon collider, and they were accepted. The GDE team agreed that the baseline
ILC con�guration should be modi�ed in order to make it compatible with the photon
collider option, and all underground excavation work the photon collider would require
should be done from the very beginning. So, the photon collider is back on track.

Our participation in the development and promotion of the photon collider can be
seen from the list of papers and talks at international conferences:

Ultimate parameters of the photon collider at the ILC [116].
Layout of the photon collider at the ILC [117].
Present status of the photon collider, what next [348]?
Introduction to the Photon Linear Collider [349].
ILC Reference design: Executive Summary [350], Physics [?], Accelerator [352], De-

tectors [353].
Photon collider: ILC con�guration and IR issues [354].
How to make ILC with 14mr compatible with gamma-gamma? [355].
Status and technology of photon collider [356].
Remarks and some ideas on laser beamsize monitors [357].

Partcicipant of the work: V.I. Telnov.
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2.1 Experiments utilizing internal targets
I. In 2007, we performed the �rst stage of the experiment of determining

R = σ(e+)/σ(e−) ratio of the di�erential cross-sections for elastic electron-proton and
positron-proton scattering. The experiment is interesting since it will enable us to deter-
mine the contribution of the two-photon exchange (TPE) in the process of the electron-
proton elastic scattering. These experiments have been carried out in 1970s but the
measurement accuracy was insu�cient. Revival of interest to the measurements of the
two-photon exchange contribution occurred recently in connection with the dramatic dif-
ference in results of recent experiments on measurements of the proton form factor (TJ-
NAF, USA) performed with the use of polarization technique and previous results of the
non-polarized measurements where the form factors were determined from measurements
of di�erential cross-sections in various kinematics. Previous experimental results are as-
sumed to be correct but the interpretation made within the one-photon approximation
is mistaken; for the correct �nding the proton form factors, it is necessary to take into
account TPE. However, as said above, there are no yet data of TPE and no reliable cal-
culations of TPE. The calculations performed by di�erent authors give di�erent results.

In our experiment, for measurements of R we used the internal target technique that
turned to be adequate to the problem because the e�ective use of positrons generated by
injector.

Figure 1: The particle detector and the target installed at the VEPP-3 storage ring. Only
upper part of detector may be viewed.

The work took 2.5 months from 16 April to 2nd July. During the �rst stage (∼1
month), after dismounting the polarimeter section and replacement of the drift gates by
the new ones, we installed the experimental section with the internal target and attain
vacuum. Then we installed the detector, changed commutation of the power supply
sources of the VEPP-3 quadrupole lenses, assembled the data collection and control system
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(see Fig.1). Then we tuned up some operation regimes of VEPP-3 (∼0.5 month): with
the internal target for the electron/positron beams for operation with SR, for operation
with extraction at VEPP-4.

Note that despite the small dimensions of the cross-section of the target storage cell,
the rate of positron storage at VEPP-3 was not reduced because of the use of optics
compressing the electron/positron beams in experimental section. At the next stage, we
clari�ed the electron/positron beam regimes for minimization the detector noises, tuned
the beam positioning; arranged measurements of the electron/positron beam energies
with the Compton scattering (see Fig.2), the main units of the installation were tem-
porarily removed from VEPP-4. Note that both these circumstances are very important
for suppressing the systematic errors of measurements.
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Figure 2: Electron/positron beam energies measured by the Compton backscattering
device.

Set of statistics was performed in three stages with lowering the background load
of detector at each next step: with the initial trigger, then with the changed trigger,
then a cleaning (delta-electrons) magnet was added. The total useful integral of the
electron/positron beam current was gathered to be 6 kG.

The analysis of data proved the correct solutions taken on the target, detector as
well as measures on suppressing the systematic errors. By present, we performed several
stages of processing: the primary check, introduction of corrections to the time drift of
amplitudes and times, corrections of sprectra, obtaining the physical values (time of �ight
out angles of particles, their energies and time of �ight). All four types of events are
separated reliably: �elastic (ep)-scattering at small (Θe ∼ 10o), average(Θe ∼ 25o) and
large angles (Θe ∼ 65o, see Fig.3), as well as events of the monitor luminosity, where
(e+e−)/(e−e−)-scattering was detected.

The gain of statistics enables one to obtain the signi�cant result in the region of the
transmitted intermediate pulse. In order to complete the experiment, we need another
the main one as ance of work at VEPP-3. We found also some malfunctions of equipment
and took some measures to remove them.














































































































































































































































































































































































































































































